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Language dominance and language bias (or language mode) are two of the factors that 
have been proposed to modulate the level of cross-language activation reported in the bilingual 
language comprehension and language production literature (e.g., Grosjean, 1997; Guo & Peng, 
2006; Ju & Luce, 2004; Marian & Spivey, 2003a; Soares & Grosjean, 1984; Spivey & Marian, 
1999; Weber & Cutler, 2004). However, it is still unclear whether (and if so, how) these factors 
modulate both language comprehension and language production, and whether they interact with 
each other. The current dissertation uses two visual world eye-tracking experiments and an 
adaptation of this paradigm in speech production to further explore how language bias and a 
specific aspect of language dominance, namely language proficiency, modulate cross-language 
activation in bilingual word recognition and production. More specifically, this dissertation 
investigates the circumstances under which differences in stress placement between Spanish-
English cognate words (e.g., material vs. material in Spanish and English, respectively) affect 
the recognition and production of a Spanish target word (e.g., materia “subject/matter”). This 
dissertation compares word recognition experiments with vs. without the explicit presence of the 
unintended language (English) to see whether competition effects from the English stress pattern 
are modulated by the language mode (from monolingual to bilingual) in which bilinguals are 
during the completion of the experiment. 
Cross-language activation is examined by manipulating the stress pattern of the cognate 
competitor in English (always stressed on the last syllable in Spanish). In one condition, the 
English cognate competitor is stressed on the second syllable, like the Spanish target (e.g., target: 
materia, competitor: material). In this condition, the competitor is predicted to interfere with the 
recognition of the Spanish target but not to interfere with its production. In the other condition, 
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the English cognate competitor is stressed on the first syllable, and thus differs from the Spanish 
target (e.g., target: litera ‘bunk bed’, competitor: literal ‘literal’). In that condition, the English 
cognate competitor is not predicted to interfere with the recognition of the Spanish word, but to 
interfere with its production. The effect of language bias on cross-language activation is tested 
by manipulating the percentage of time the target word in the filler trials is heard in Spanish and 
English, ranging from 0% to 65% of English during the experimental session. Finally, the effect 
of language proficiency is assessed using two measures of proficiency (a cloze, i.e., fill-in-the-
blank, test and LexTALE) in bilinguals’ second language (L2). 
Experiment 1, a visual-world eye-tracking experiment only in Spanish, investigates 
whether lexical stress can modulate the degree of cross-language activation that bilingual 
listeners in a monolingual language mode experience in language comprehension. In doing so, 
Experiment 1 seeks to ascertain whether cross-language activation is indeed observed in a 
context where bilinguals are expected to function in only one of their languages (Spanish in this 
case), in line with the nonselective hypothesis of language activation. Another objective of 
Experiment 1 is to ascertain whether mid-to-high-proficiency English-speaking L2 learners of 
Spanish (henceforth referred to as the first-language-(L1)-English L2-Spanish group) can make 
use of suprasegmental cues to stress during online word recognition. The results of the L1-
English L2-Spanish bilinguals showed facilitation for cognates, indicating that these listeners 
activated their L1, even when nothing in the acoustic input or in the testing session should have 
led them to activate English, in line with the nonselective hypothesis. Furthermore, these 
bilinguals showed an increasingly small effect of stress as their Spanish proficiency, indicating 
that lower-proficiency bilinguals can use stress to recognize Spanish words. The L1-Spanish L2-
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English bilinguals also used stress to recognize Spanish words, but unlike the L1-English L2-
Spanish group, they did not show any evidence of cross-language activation.  
Experiments 2 and 3 investigate how language bias and L2 proficiency modulate cross-
language activation when bilinguals are in a bilingual language mode. Experiment 2 uses a 
visual-world eye-tracking experiment with trials in both English (fillers) and Spanish (fillers and 
experimental trials), and language bias is manipulated as the percentage of time the target word 
(in filler trials) is produced in either Spanish or English. The results of this experiment show that 
both the L1-Spanish L2-English and L1-English L2-Spanish groups were influenced by the 
language bias manipulation (L1-Spanish L2-English: 0% English bias vs. 65% English bias; L1-
English L2-Spanish: 0% English bias vs. 65% English bias, 20% English bias vs. 65% English 
bias). For the L1-English L2-Spanish participants, language bias also modulated the effect of 
stress, with the stress of the English cognate interfering with the recognition of the Spanish target 
only in the English-bias condition. Moreover, more proficient L1-English L2-Spanish bilinguals 
were better at controlling this cross-language activation than less proficient ones. By contrast, 
English stress did not interfere with L1-Spanish L2-English listeners’ lexical access, nor was its 
effect modulated by these bilinguals’ L2 proficiency or by the language bias manipulation. 
Finally, using an adaptation of Experiment 2 to elicit word productions, Experiment 3 
examines the effects of L2 proficiency and language bias on word production when bilinguals 
are in a bilingual language mode. Experiment 3 uses the same language bias manipulation as 
Experiment 2. The results show that both the L1-Spanish L2-English and the L1-English L2-
Spanish groups were slower and less accurate at producing the Spanish target word (with the 
correct stress placement) when the stress pattern of the English cognate competitor differed from 
that of the Spanish target word than when it was identical to it. For L1-Spanish L2-English 
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speakers, the more proficient they were in English, the least accurate they were in their 
production of the Spanish target. For L1-English L2-Spanish speakers, the effect of stress was 
greater in the English bias condition than in the Spanish bias condition.  
The findings of this dissertation indicate that language bias modulates cross-language 
activation in both language comprehension and language production. Furthermore, when the 
unintended language is the L1, more proficient bilinguals are better at controlling for the degree 
of L1 activation in the L2 (in comprehension), but when the unintended language is the L2, they 
are worse at controlling for the degree of L2 activation in the L2 (in word production). Last but 
not least, language production appears to be more likely to elicit cross-language activation than 
language comprehension, given that the L1-Spanish L2-English groups showed evidence of 
cross-language activation from English only in Experiment 3. These findings have implications 
for models of bilingual activation. The results of Experiments 2 and 3 are in line with the 
predictions of the Inhibitory Control Model (Green, 1998), which claim that both language bias 
and proficiency should modulate the initial stages of word activation. The results of this 
dissertation are also consistent with Grosjean’s proposed language mode continuum (Grosjean, 
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Chapter 1: Introduction 
 
According to the latest report of Ethnologue, close to 7,000 languages exist in the world 
(Lewis, Simons, & Fennig, 2015). Contact among people of different language groups leads to 
what we know as bilingualism or multilingualism, that is, the ability to communicate at a 
functional level in two or more languages. It is estimated that half of the world’s population, if 
not more, is bilingual (Grosjean, 2010). Individuals who know two or more languages need to 
engage in greater cognitive “gymnastics” than monolinguals, because they must activate the 
intended language while (at least to some degree) inhibiting
1
 the other language. Even in 
situations where only one language is used, the languages of bilingual and multilingual speakers 
have been claimed to be active and to interact (for a review, see Kroll, Dussias, Bogulski, & 
Kroff, 2012). Unclear, however, is how cross-language activation and inhibition take place and 
what factors modulate them. This dissertation sheds further light on these questions by 
examining how proficiency in the non-dominant language and language expectation (or language 
bias) modulate cross-language activation in language comprehension and language production. 
Although this research focuses exclusively on bilingual activation, the same questions can be 
raised and the same predictions can be made with multilinguals.  
Research done in the past 25 years has shown that bilinguals, including simultaneous 
bilinguals and early and late second language (L2) learners, activate words in both of their 
languages even when they consciously intend to use only one language (e.g., Blumenfeld & 




 Throughout this dissertation, the term “inhibit” is used in a theory-neutral way, without the assumption that a 
domain-general inhibitory control mechanism is involved. 
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Marian, 2011; Canseco-Gonzalez et al., 2010; Desmet & Duyck, 2007; Dijkstra, 2005; Marian & 
Spivey, 2003a, 2003c; Schulpen, Dijkstra, Schriefers, & Hasper, 2003; Weber & Cutler, 2004). 
So, for bilinguals, as a spoken word in the speech signal unfolds, not only lexical candidates that 
most closely match the input in the intended language, but also words in the unintended 
language, become partially activated and compete for recognition. Successful recognition of the 
speech signal, then, involves inhibiting not only the non-intended word, but also the non-
intended language. Importantly, evidence suggests that bilinguals simultaneously activate both 
lexicons not only in language comprehension, but also during language production (e.g., Costa, 
Santesteban, & Ivanova, 2006; Costa & Santesteban, 2004; Grainger & Beauvillain, 1987; 
Jackson, Swainson, Cunnington, & Jackson, 2001; Meuter & Allport, 1999).  
Several factors have been proposed to modulate the level of cross-language interference 
reported in the bilingual language comprehension and language production literature, among 
which the effects of factors such as language dominance and language bias (or language mode) 
have been consistently reported (e.g., Grosjean, 1997; Guo & Peng, 2006; Ju & Luce, 2004; 
Marian & Spivey, 2003a; Soares & Grosjean, 1984; Spivey & Marian, 1999; Weber & Cutler, 
2004). Language dominance can be operationalized as whether the unintended language is the 
native language (L1) or the L2, whether or not the unintended language is used more often than 
the intended language, and how proficient bilinguals are in both the intended and unintended 
languages. For example, more cross-language activation has been reported when the unintended 
language is the L1 and bilinguals are performing the task at hand in their L2 than in the reverse 
scenario (e.g., Ju & Luce, 2004; Spivey & Marian, 1999; Weber & Cutler, 2004). Prolonged use 
of the less dominant language (e.g., in a recent L2 immersion), however, may overcome the 
stronger activation from the L1 (e.g., Duffau, 2008; García-Pentón, et al., 2014; Martino, et al., 
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2010; Mohades et al., 2012). Finally, bilinguals activate phonologically overlapping words from 
the unintended language more with increasing proficiency in that language (e.g., Chee, Tan, & 
Thiel, 1999; Golestani et al., 2006; Guo & Peng, 2006; Jeong et al., 2007; Klein, Watkins, 
Zatorre, & Milner, 2006; Perani et al., 2003; Silverberg & Samuel, 2004; Weber & Cutler, 2004). 
Cross-language activation may also be modulated by factors that have been shown to affect 
language bias, including the interlocutor, the situation, the content of discourse, and the function 
of the interaction (e.g., Dijkstra & van Hell, 2003; Marian & Spivey, 2003a; Soares & Grosjean, 
1984; for discussion, see Grosjean, 1998). For example, the degree of cross-language 
interference is smaller when bilinguals expect to communicate in only one language than when 
they expect to communicate in both of their languages.  
What remains unclear from previous research, however, is whether (and if so, how) 
language bias and a specific aspect of language dominance, namely language proficiency, 
modulate both language comprehension and language production, and whether they interact 
(e.g., more proficient bilinguals could show less sensitivity to language bias as a result of better 
controlling for the degree of cross-language activation). A number of models of bilingual 
activation have been proposed to account for the degree of cross-language activation that 
bilinguals show under different circumstances. These models make different predictions 
regarding the role of factors such as language bias to control for this continuous cross-language 
interference. In this dissertation, two models are considered: the Inhibitory Control Model 
(Green, 1998) and the Bilingual Interactive Activation Plus (BIA+) Model (Dijkstra & van 
Heuven, 2002).  
The Inhibitory Control Model (Green, 1998) stipulates that bilinguals’ two languages are 
represented by different language tags schemas (established from prior input), which alter the 
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activation levels of lexical representations in a top-down fashion. The model postulates that the 
activation level of the language schemas is altered by the supervisory attentional system, which 
works as a domain-general inhibitory control mechanism. According to the Inhibitory Control 
Model, language tag schemas are the primary source of control in bilingual word activation (for 
both comprehension and production), so the model predicts an effect of language bias on this 
activation. Moreover, proficiency is expected to affect the degree to which the word lemmas are 
activated. That is, the Inhibitory Control Model predicts that both proficiency and language bias 
will control the level of activation of the unintended language. 
Similarly to the Inhibitory Control Model (Green, 1998), the Bilingual Interactive 
Activation Plus (BIA+) Model (Dijkstra & van Heuven, 2002) represents the bilinguals’ two 
languages with the use of language nodes, by means of which the activation levels of lexical 
representation can be altered. However, unlike the Inhibitory Control Model, the language nodes 
in the BIA+ model cannot perform a form of top-down control in early stages of word activation 
(what Dijkstra & van Heuven refer to as the “word identification system”). The BIA+ Model 
claims that the activation and inhibition of lexical representations is strictly controlled by the 
input in this early stage of word recognition. According to this model, language nodes can only 
influence the output (i.e., word selection) of the “task/decision system”. This model was 
originally proposed to explain bilingual word activation in comprehension tasks, and as such 
does not make predictions for productions tasks. For comprehension, this model predicts that 
proficiency will modulate bilingual activation, but language bias should not have such an effect 
in the early stages of word activation. Thus, both models make different, testable predictions 
regarding what happens in the early stages of spoken word recognition. 
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The main objective of this dissertation is to shed new light on bilingual processing by 
further exploring how language proficiency and language bias affect the way in which bilinguals 
control the level of activation of their two languages in speech processing and production. Three 
experiments are conducted that examine how differences in word-level stress placement between 
two languages (Spanish and English) affect the processing of cognate words in language tasks 
aimed to put bilinguals into a monolingual or a bilingual language mode.  
Research has shown that in languages that have word-level stress, greater activation of 
words that match the signal both segmentally and suprasegmentally is observed (as compared to 
words that only match the signal segmentally) for both native speakers (e.g., Cooper, Cutler, & 
Wales, 2002; Soto-Faraco, Sebastián-Galles, & Cutler, 2001) and, to some extent, L2 learners 
(e.g., Martínez-García, Van Anne, Brown, & Tremblay, n.d.; Tremblay, 2008). However, it is 
unclear whether stress placement that differs between two languages can interfere with the 
recognition of cognate words (as compared to non-cognate, control words and cognate words 
with non-interfering stress placement). Stress provides an interesting test for examining bilingual 
activation because Spanish and English have a number of words that share the same 
(orthographic) segments (i.e., cognates) but do not have the same stress pattern (e.g., the word 
material, which has the same meaning in both languages, has second-syllable stress in English 
but final stress in Spanish). In this case, we expect that the corresponding segmental make-up of 
the cognate words would make them highly activated in both languages. Bilingual listeners’ 
ability to use stress to recognize Spanish words should thus be contingent on their ability to use 
Spanish stress to inhibit the English competitor.  
This research examines the degree of lexical competition that cognates with similar vs. 
different stress patterns in Spanish and English create for bilinguals English-Spanish speakers. It 
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does so using the visual world eye-tracking paradigm and an adaptation of this paradigm in 
speech production. Participants included native speakers of Spanish at a mid-proficiency level in 
English (henceforth, L1-Spanish L2-English bilinguals) and native speakers of English at a mid-
to-high level of proficiency in Spanish (henceforth, L1-English L2-Spanish bilinguals). A first, 
Spanish-only experiment (Experiment 1) investigated whether lexical stress can modulate the 
degree of cross-language activation that bilingual listeners in a monolingual language mode 
experience in comprehension. It did so by examining whether the presence of the cognate 
competitors with interfering stress would influence the recognition of Spanish words in a task 
where English is not explicitly activated. Two additional, Spanish-English experiments 
(Experiments 2-3) investigated whether the effect of stress on the degree of cross-language 
activation would be stronger once participants are in a bilingual language mode. More 
specifically, it examined whether the presence of cognate competitors with interfering stress 
placement would influence the recognition of Spanish words in a task where participants would 
expect to hear (Experiment 2) or produce (Experiment 3) more Spanish than English or more 
English than Spanish (language bias). All three experiments also examine how L2 proficiency 
modulates cross-language activation in the task. In determining whether bilinguals can inhibit the 
stress pattern of the unintended language (English) when recognizing or producing Spanish 
target words, this research contributes to a better understanding of how language proficiency and 
language bias modulate cross-language activation in auditory word recognition and in word 
production. 
This dissertation is organized as follows: Chapter 2 reviews the main findings on 
bilingual language activation, and Chapter 3 reviews the literature on listeners’ use of stress in 
lexical access; Chapter 4 presents the general design of the current study; Chapters 5-7 describe 
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the methods and present the results of Experiments 1-3 (respectively); Chapter 8 provides a 
general discussion of the current findings, returns to models of bilingual activation, and 
concludes this dissertation. 
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Chapter 2: Bilingual Activation 
 
2.1 Factors Affecting Bilingual Activation 
Existing research on the factors affecting bilingual activation has tested both 
comprehension and production of speech using different tasks and language combinations (e.g., 
Colomé & Miozzo, 2010; Ju & Luce, 2004; Kroll, Bobb, Misra, & Guo, 2008; Marian & Spivey, 
2003a, 2003b; Schulpen et al., 2003; Spivey & Marian, 1999; Weber & Cutler, 2004). However, 
the findings of this previous research have been mixed, leaving the door open for more research 
to try to understand how language proficiency and language bias affect how bilinguals control 
the level of activation of their two languages during comprehension and production. In this 
section, the main findings of this bilingual language comprehension and production literature are 
summarized. 
 
2.1.1 Language Comprehension 
Research on cross-language activation in language comprehension is clear in showing 
that lexical activation is not language selective: Bilinguals activate their two languages in 
parallel during language comprehension (e.g., Ju & Luce, 2004; Marian & Spivey, 2003b; 
Schulpen et al., 2003; Spivey & Marian, 1999; Weber & Cutler, 2004). Considering that the pool 
of alternatives that a bilingual listener activates doubles (because both languages are activated in 
parallel), the word recognition process may be more challenging for someone with a good 
command of two languages, increasing the normal demands of word processing.  
One common paradigm that has been used to investigate bilingual activation is the visual 
world eye-tracking paradigm. This methodology provides good temporal resolution of the 
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activation of words that closely match the acoustic input (Allopenna, Magnuson, & Tanenhaus, 
1998). Spivey and Marian (1999) were among the first to implement this paradigm to better 
understand the time course of bilingual activation during spoken word comprehension. In their 
study, Spivey and Marian (1999) (see also Marian & Spivey, 2003a, 2003b) presented Russian-
English bilinguals with a visual display consisting of four objects, and asked participants to 
manipulate one of the objects (the target) while doing the task in either English or Russian (in 
different blocks). The interesting manipulation consisted of selecting an English target word 
(e.g., marker) that shared an onset with and would be phonetically similar to the Russian name of 
one of the other objects in the display (e.g., marka, “stamp”). The authors found that upon 
hearing the target word marker, Russian-English bilinguals made eye-movements to the 
between-language competitor (marka). These results clearly indicate that bilinguals 
automatically activated both the English and the Russian lexicons when processing English 
words. Similar results were found in a block where participants completed the task in Russian: 
Upon hearing marku (‘stamp’), Russian-English bilinguals also looked at the marker.  
This pattern of parallel activation has since been replicated with other combinations of 
languages: with Dutch-English bilinguals (Weber & Cutler, 2004), Spanish-English bilinguals 
(Canseco-Gonzalez et al., 2010; Ju & Luce, 2004), French-English bilinguals (Pivneva, Mercier, 
& Titone, 2014), and Japanese-English bilinguals (Cutler, Weber, & Otake, 2006). Importantly, 
the size of this cross-language activation effect has been shown to vary based on several factors, 
including whether the task is conducted in the L1 or the L2 (i.e., Marian & Spivey, 2003a), how 
proficient bilingual listeners are in the L2 (e.g., Mishra & Singh, 2016; Silverberg & Samuel, 
2004), whether the input and bilingual listeners’ lexical representation closely match (Ju & Luce, 
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2004), and whether bilingual listeners expect to hear only one or both of their languages 
(Grosjean, 1998; Marian & Spivey, 2003a). 
One study that reports different degrees of cross-language activation in the L1 and in the 
L2 is that of Spivey and Marian (2003a). The authors used two eye-tracking experiments (one in 
participants’ L1 and the other in their L2) to examine spoken language processing in Russian-
English bilinguals (native speakers of Russian with an advanced level of proficiency in English).  
The authors presented participants with visual displays consisting of four objects (as described 
for Spivey and Marian (1999)’s study) and asked them to manipulate one of the objects (the 
target) while doing the task in either English or Russian. The main manipulation of the study was 
the inclusion of a competitor object whose name was phonologically similar to the name of the 
target object (e.g., plum in the English-only experiment) in Russian (e.g., plat’e ‘dress’). The 
authors compared competitor fixations from this interference condition to fixations in a control 
condition where no objects overlapped phonologically with the target. The results showed that 
upon hearing the target word plug, Russian-English bilinguals made eye-movements to the 
between-language competitor (plat’e). This effect was statistically significant when the 
experiment was conducted in the participants’ L2 (English), with interference coming from 
participants’ L1 (Russian); when the experiment was conducted in participants’ L1 (Russian), 
there was just a trend in the participants’ L2 (English) interfering with their recognition of the 
Russian target object. These results clearly indicate that bilinguals automatically activated both 
lexicons when processing words, but that this effect was modulated by factors such as language 
dominance (L1 vs. L2).  
This effect of language dominance, operationalized as whether the unintended language 
is the L1 or the L2, has since been replicated using other tasks and language combinations: maze 
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task with Chinese-English bilinguals (Wang, 2015) and lexical decision tasks with Spanish-
English bilinguals (Litcofsky, Tanner, & van Hell, 2015). However, as mentioned earlier, 
language dominance can also be operationalized as how proficient bilinguals are in the intended 
and unintended language. A number of studies have indeed reported effects of language 
proficiency on the degree of cross-language activation in bilingual lexical processing.  
Using an eye-tracking paradigm similar to the one described for the previous studies, 
Mishra and Singh (2016) investigated how L2 proficiency affected the activation of 
phonologically related words in two groups of Hindi-English bilinguals. Participants were native 
speakers of Hindi with either a low- or high-level of proficiency in English. They completed one 
experiment, with the two languages (either their L1 or their L2) presented in different blocks. 
During each experimental session, they were presented with a four-picture display on a screen 
that contained or did not contain the target word. Participants’ task was to click on the picture 
representing the target word if the target word was indeed present on the screen, and otherwise 
ignore that trial. The main manipulation was in the trials where the target was not on the screen: 
In those trials, the display contained a picture whose name in the other language partially 
matched the acoustic input of the translation of that same word into the non-target language. For 
example, in the Hindi experiment (where they expected to observe some interference from 
English), the target would be a word such as gulab (‘rose’), not present in the display, and among 
the four pictures in the display, one represented a rope. The reasoning was as follows: If 
participants were simultaneously translating the words, the partial overlap between the 
translation of the target word and the competitor word on the screen would produce more 
fixations to this picture as compared to any of the other pictures presented in the same display. 
The results confirmed these predictions (e.g., greater proportions of fixations to the rope after 
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hearing gulab) in both the Hindi and the English experiments, that is, whether or not the 
experiment was conducted in the L1 or in the L2. However, and importantly, the effect observed 
in the Hindi experiment was stronger in the group with a higher proficiency in English than in 
the group with a lower level of proficiency in English.  
The results of this study provided further evidence that bilingual activation is non-
selective and that L2 proficiency modulates the degree of cross-language interference. Similar 
results have also been reported in word recognition tasks that did not use the visual-world eye-
tracking paradigm: priming tasks with Spanish-English bilinguals (Silverberg & Samuel, 2004) 
and self-paced reading tasks with Dutch-English bilinguals (Bultena, Dijkstra, & van Hell, 
2014). Note, however, that not all studies of bilingual lexical activation report effects of L2 
proficiency (e.g., Durlik, Szewczyk, Muszy, & Wodniecka, 2016).  
The degree of cross-language competition has also been found to depend, at least in part, 
on the precise match between the input and the bilingual’s mental representation of the words. 
Using an eye-tracking experiment, Ju and Luce (2004) manipulated the voice onset time (VOT) 
of Spanish words to make them consistent with stops in either Spanish or English, the two 
languages of the bilinguals tested. Their study included competitor pictures whose English 
names were phonologically similar to the Spanish targets (e.g., playa ‘beach’ and pliers). Their 
results indicated that Spanish-English bilinguals showed greater evidence of cross-language 
competition (i.e., more fixations to the picture with the phonologically similar English name) 
when the target words contained English-appropriate voice onset times. These results have been 
taken to suggest that the level of cross-language competition effects may depend, at least in part, 
on the precise match between the acoustic-phonetic information in the input and the bilingual’s 
mental representation of the words. These findings are in line with those reported in previous 
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bilingual cross-language phone perception studies, suggesting that bilinguals are sensitive to 
subtle acoustic-phonetic differences (e.g., Flege, 1984, 1991; Flege & Hammond, 1982), with 
this information reducing cross-language interference in word recognition.  
An additional factor that has been shown to modulate cross-language activation is 
language bias. Language bias, also referred to by Grosjean (1998) as language mode, is the 
collection of external factors that determine the language expectations that bilinguals have in a 
particular communicative task. According to Grosjean (1998), the degree of cross-language 
interference that bilinguals experience should be determined by where on the language mode 
continuum these bilinguals are. To illustrate, if a bilingual expects the interlocutor to address him 
in only one language, then cross-language activation is expected to be weak; conversely, if a 
bilingual expects to be code-switching between his/her two languages, then cross-language 
activation is expected to be stronger.  
Marian and Spivey took language mode into account when explaining the different 
results obtained in their two studies (Marian & Spivey 1999; 2003a). Recall that, in the first 
study (Marian & Spivey 1999), there was evidence of fixations to the between-language 
competitor independently of whether this competitor was a Russian word (the participants’ L1) 
or and an English word (the participants’ L2). However, in the second study, there was just a 
trend towards English influencing the processing of the Russian target. The authors hypothesized 
that the bilinguals tested in both languages in the same experimental session and by fluent 
bilingual speakers (Spivey and Marian, 1999) may have been more on the bilingual end of the 
language mode continuum, and thus experience greater cross-language competition, than 
bilinguals tested in only one language and by monolingual speakers (Spivey and Marian, 2003a). 
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Even when controlling for language mode, however, the authors found evidence of cross-
language activation when the unintended language was the L1. 
These findings have been claimed to be explained by what Grosjean (1998) described as 
language mode. In fact, as he proposed it, the variability in the selection of participants, stimuli, 
tasks, and experimental setting from previous studies may be responsible for the different 
findings reported in the literature in the strength of cross-language activation. Although the 
results of Spivey and Marian (1999) suggest that being tested in both languages in the same 
experimental session may be enough to make participants be in a bilingual language mode, at 
present it is unclear how fine grained the effect of language bias may be on cross-language 
competition. 
In summary, previous studies on bilingual activation provide clear evidence that bilingual 
activation in language comprehension is not selective: Bilinguals activate their two languages in 
parallel during language comprehension. Moreover, this cross-language activation can be 
influenced by factors such as L2 proficiency and language bias (more competition when 
bilinguals are more proficient in the unintended language, and more competition when 
participants are in a bilingual language mode).  
We now turn to a review of the findings on bilingual language production and, in doing 
so, draw parallels between language comprehension and language production in the influence of 
language dominance (and hypothesized influence of language bias) on cross-language activation. 
 
2.1.2 Language Production 
As with language comprehension, research on cross-language activation in language 
production suggests that lexical activation is also not language selective: Bilinguals activate their 
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two languages in parallel during language production (e.g., Colomé & Miozzo, 2010; Kroll, 
Bobb, Misra, & Guo, 2008). Speech production involves complex linguistic operations even 
when speaking in the L1. Speakers need to conceptualize the message they want to convey, 
activate the words that are semantically and syntactically compatible with the message, plan their 
articulation, and implement it (Bock & Levelt, 1994). From the perspective of bilingual speakers, 
speech production is even more complex as they need to handle the challenges associated with 
bilingual activation. 
In a recent study, Colomé and Miozzo (2010) investigated whether lexical activation in 
language production is also not language selective. They used a picture-picture interference 
paradigm in Catalan where proficient Spanish-Catalan speakers saw pairs of partially 
overlapping colored pictures. Participants were instructed to name aloud, in Catalan, the picture 
that was colored in green. The main manipulation involved the competitor picture on the screen. 
In the “related” trials, the Spanish name of the competing picture partially overlapped with the 
target Catalan word. For example, if the target word was the Catalan word armilla (‘vest’), the 
competitor picture corresponded to a word that did not show any phonological overlap with the 
target in Catalan, esquirol (‘squirrel’) but that showed some phonological overlap with the target 
in Spanish, ardilla (‘squirrel’). Naming latencies to armilla in this “related” condition were 
compared to naming latencies to armilla in a control condition where the competitor picture 
corresponded to a word that did not overlap with the target in either Catalan (bec ‘beak’) or 
Spanish (pico ‘beak’). The results of this study indicated that when naming armilla (‘vest’), 
Spanish-Catalan bilinguals were faster when the target appeared together with the picture of an 
ardilla (‘squirrel’). These results indicate that bilinguals automatically activated both lexicons 
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also in language production. The facilitative (rather than inhibitory) effect of the overlapping 
Spanish competitor word was attributed to the phonological similarity of Catalan and Spanish. 
This pattern of parallel activation has since been replicated with other combinations of 
languages: with German-Spanish bilinguals (e.g., Rodriguez-Fornells et al., 2005), Dutch-
English bilinguals (e.g., Hermans, Bongaerts, De Bot, & Schreuder, 1998), Korean-Spanish 
bilinguals (e.g., Costa & Santesteban, 2004), Spanish-English and Tagalog-English bilinguals 
(e.g., Gollan & Acenas, 2004), among others. In some of these studies, however, the unintended 
language interfered rather than facilitated word production, whenever the sounds systems of the 
two languages were very different (for reviews exploring interference in bilingual word 
production and possible mechanisms employed to control for this cross-language interference, 
see Moreno, Rodríguez-Fornells, & Laine, 2008; Rodríguez-Fornells, de Diego Balaguer, & 
Münte, 2006; Ye & Zhou, 2009). 
Further evidence of cross-language activation in language production comes from studies 
on the production of words that are related in form and meaning between the bilinguals’ two 
languages, also known as cognates. Such studies have shown that bilinguals who name pictures 
in one of their two languages do so faster when the pictures refer to words that are cognates in 
the two languages than when they refer to words that are not cognates (e.g., Costa, Caramazza, & 
Sebastián-Galles, 2000; Hoshino & Kroll, 2008). These results have been interpreted as 
indicating that, during speech planning, cognate words receive double activation (from the L1 
and the L2), suggesting that lexical candidates in the unintended language are also active. These 
studies have provided evidence that phonological information from the non-target language is 
activated in tasks requiring participants to name pictures (for example, the activation of Chinese 
phonology in Guo and Peng (2006)).  
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Importantly, as with language comprehension, the size of the cross-language activation 
effect in language production studies has been shown to be modulated by several factors, 
including whether the task is conducted in the L1 or in the L2 (e.g., Costa et al., 2000; Hoshino 
& Kroll, 2008; Rodriguez-Fornells et al., 2005) and how proficient bilingual speakers are in both 
the intended and the unintended language (e.g., Costa, Caramazza, et al., 2000; Costa, Colomé, 
& Caramazza, 2000; Costa, Miozzo, & Caramazza, 1999; Costa et al., 2006; Costa & 
Santesteban, 2004). 
The effect of language dominance, operationalized as whether the unintended language is 
the L1 or the L2, has also been explored in the bilingual language production literature using 
behavioral tasks (e.g., Costa, Caramazza, et al., 2000; Hoshino & Kroll, 2008). For example, 
Costa et al. (2000) found that Spanish-English bilinguals were faster at naming pictures in their 
L2 when the picture represented a shared cognate between the two languages; the corresponding 
facilitation did not occur in the bilinguals’ L1, however, suggesting that the more dominant 
language (i.e., the L1) is more likely to influence the less dominant language (i.e., the L2) than 
the reverse scenario. The same pattern of results was found in Hoshino and Kroll (2008), who 
tested Japanese-English bilinguals’ production of cognates in both languages. Furthermore, many 
bilingual language production studies have shown that L2 production is more effortful than L1 
production. This pattern of findings arises when bilinguals produce single words in response to 
pictures (e.g., Gollan & Ferreira, 2004; Gollan et al., 2008; Hanulová, Davidson, & Indefrey, 
2011; Linck, Hoshino, & Kroll, 2008), and also when they produce longer utterances when 
recounting a story (Towell, Hawkins, & Bazergui, 1996). This effort has been proposed to come 
from bilinguals’ need to inhibit the unintended, more dominant language (i.e., the L1) in order to 
produce the words (or sentences) in the L2 (e.g., Gollan et al., 2008). These results clearly 
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indicate that bilinguals appear to activate both lexicons before producing the target words, but 
this effect is modulated by factors such as whether the unintended language is the L1 or the L2.  
Again, as mentioned earlier, language dominance can also be operationalized as how 
proficient bilinguals are in the intended and unintended language. A number of studies have 
indeed reported effects of language proficiency on the degree of cross-language activation in 
bilingual language production (e.g., Costa et al., 2000, 2006; Costa & Santesteban, 2004, 2008). 
Such effects have been demonstrated primarily with tasks involving language switch. Language 
switch tasks have revealed asymmetrical effects of language switch directionality when 
bilinguals are more proficient in one of their languages than in the other.  
In a series of experiments, Costa and Santesteban (2008) explored the effects of language 
switch in picture naming tasks. In Experiment 1, Spanish learners of Catalan and Korean learners 
of Spanish were asked to perform a switching task between their L1 (Spanish or Korean) and 
their L2 (Catalan or Spanish). The task consisted in naming each picture presented in either their 
L1 or their L2, and the language of the trial was determined by the color in which the picture 
appeared. Participants were instructed to name the pictures as quickly and accurately as possible. 
For the two groups studied, switching from the weaker language (L2) to the more dominant 
language (L1) was harder than vice versa (i.e., participants produced more disfluencies and were 
slower in their naming latencies). These results (i.e., a greater switch cost from the L2 to the L1 
than from the L1 to the L2) were interpreted as reflecting an L1 inhibition effect, indicating that 
it was harder to go back to the L1 because the L1 was more strongly inhibited. The authors then 
used the same design in a second experiment in which they tested highly proficient Spanish-
Catalan bilinguals. Again, participants were asked to perform the task in both of their languages. 
The results of this second experiment differed from those of the first experiment, with highly 
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proficient bilinguals not showing any effect of language switch directionality. Together, these 
findings reveal an important effect of L2 proficiency on the directionality of language switch 
costs, with language switch costs becoming more symmetrical when proficiency in both 
languages is comparable.  
Thus, like in language comprehension, lexical activation does not appear to be language 
selective in speech production. Furthermore, lexical competition from the unintended language 
and language-switch costs are modulated by the bilinguals’ proficiency in the intended and 
unintended language (more competition when bilinguals are more proficient in the unintended 
language, and greater switch costs from the L2 to the L1). In theory, one might expect that 
language bias (or language mode; Grosjean, 1998) may also affect bilingual word production. 
However, to the best of my knowledge, there are no studies looking at the effect of this factor on 
bilingual word production. The current study will be among the first studies to directly explore 
the role of language bias in bilingual word production.  
We now turn to models of bilingual lexical activation that have sought to explain cross-
language interference effects in comprehension and production. 
 
2.2 Models of Bilingual Lexical Activation 
The first accounts of bilingual processing argued that lexical activation was exclusive to 
the contextually appropriate language system, and that when encountering a word, activation 
would be restricted to the target language subsystem (e.g., Gerard & Scarborough, 1989; 
Scarborough, Gerard, & Cortese, 1984). According to these early accounts, bilinguals initially 
made a decision about the language of the word they expected to hear or wanted to produce, and 
then activated the appropriate language-selected lexicon. However, it became clear from 
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subsequent research on bilingual lexical processing that lexical activation is in fact not language 
selective. 
More recent models of bilingual activation have instead argued for the language 
nonselective hypothesis (e.g., the Bilingual Interactive Activation Plus Model (BIA+) (Dijkstra 
& van Heuven, 2002); the Inhibitory Control Model (Green, 1998); the Language Mode 
Framework (Grosjean, 1997)). According to this view of bilingual processing, automatic co-
activation of information in both linguistic systems is expected to happen in all linguistic 
contexts. In this view, the representation of a word often gives rise to parallel activation in both 
languages, and it is highly unlikely to completely suppress the other language. In other words, 
when encountering a word, the activation happens in both contextually appropriate and 
contextually inappropriate linguistic subsystems.  
Different models of bilingual language processing and production have been proposed 
over the past two decades. These models have focused on trying to understand how bilingual 
speakers/listeners reduce the activation of one of their languages such that they can perform the 
task at hand in the target language, without interference from the non-target language (see Kroll 
et al. (2012) for a review). For the purpose of the current research, two models of bilingual 
activation are considered and discussed in detail: the Inhibitory Control Model (Green, 1998) and 
the Bilingual Interactive Activation Plus (BIA+) Model (e.g., Dijkstra & van Heuven, 2002).  
 
2.2.1 Inhibitory Control Model 
The Inhibitory Control Model (Green, 1998) describes bilingual processing as a 
combination of three individual aspects. First, the model includes a level of control that involves 
language task schemas. Language task schemas compete to control output from the lexico-
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semantic system by altering the activation levels of representation and by inhibiting other 
schemas that are not relevant for the task at hand. Second, the model posits a stage that involves 
word selection at the lemma level (the level between the conceptual and the phonological levels) 
by virtue of their language tags. Finally, the model postulates that domain-general inhibitory 
control plays an important role in the control of bilingual language processing at the lemma 
level. 
These three aspects are visually represented in Figure 1 (Green, 1998; p. 69). To better 
conceptualize the model, the explanations of each of the stages will be provided together with an 
example of how the model would explain bilingual processing of language. This will be done by 
using the example of a bilingual individual who needs to recognize spoken L2 words and 
respond to them (e.g., select the right picture representing that word). 
 
 
Figure 1: Visual Representation of the Inhibitory Control Model 
 
In the Inhibitory Control Model, a conceptualizer builds conceptual representations 
(based on information stored in long-term memory), driven by a goal (G on Figure 1) to perform 
a certain task with the use of the appropriate language. In our example, this stage requires that 
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the conceptualizer recognizes and accesses the meaning of L2 words using the corresponding 
language schema because its goal is to select the right picture associated with the meaning of that 
given L2 word.  
The supervisory attentional system (SAS on Figure 1) mediates this communicative and 
planning process. SAS is always present whenever automatic control is insufficient, as in novel 
tasks, and it operates together with components of the language system, including both the 
lexico-semantic system and a set of language task schemas. Language task schemas (e.g., word 
recognition or translation schemas) compete to control the output from the lexico-semantic 
system. The selection of a given word requires the specification of the target language to be 
transmitted by SAS to the task schema. In order to achieve this language selection, the system 
relies on the input (I on Figure 1) from the lexico-semantic system to the SAS. This control 
mechanism is driven by bottom-up information. The selection process also requires conceptual 
information to be transmitted to the lexico-semantic system from the conceptualizer. In our 
example, once the conceptualizer builds conceptual representations based on the goal of the task 
at hand, the SAS mobilizes inhibitory control resources to globally suppress the L1 (the non-
target language). This process is achieved by targeting words with non-target language tags 
(words belonging to the individual’s native language L1 in this example). This inhibition process 
reduces the risks of interference from the L1 during the recognition of words from the target 
language L2. 
The Inhibitory Control Model thus postulates two levels of control. On the one hand, the 
Inhibitory Control Model describes (top-down) proactive control, which adapts the level of 
activation of the target language system as a function of task demand (or task schema). On the 
other hand, it describes a (bottom-up) reactive control mechanism, which inhibits non-target 
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language representations such that they do not interfere with performance and achievement of 
the goal (Green, 1998). The Inhibitory Control Model claims that individuals can prepare in 
advance to perform a given task. However, as inhibition operates reactively (bottom-up), when 
performing a task in the L2 (for example), competition from the L1 will be present. It is then the 
task of the SAS to monitor, once the language task schema has been triggered, the level of 
activation of the unintended language (using top-down mechanisms). Thus, the primary source of 
top-down control is inhibitory control. In the Inhibitory Control Model, then, inhibition can come 
from reactive control mechanisms as a function of the input heard or it can come from proactive 
control mechanisms whose only purpose is to provide inhibitory control. 
 
2.2.2 Bilingual Interactive Activation Plus (BIA+) Model 
The Bilingual Interactive Activation Plus (BIA+) Model has been presented as an 
updated version of the Bilingual Interactive Activation Model (BIA, (Dijkstra & van Heuven, 
1998)). This updated version of the model is more explicit with respect to the timing of the 
bilingual identification word process, the interactions between representations (orthographic, 
phonological, semantic), and the role of language nodes. 
The BIA+ Model proposes a late account of language selection. The model assumes that 
words in the bilinguals’ two languages are stored in an integrated lexicon and that task demands 
(e.g., the language of the task) do not influence the earliest stages of word recognition. At the 
time when the word is processed, language cues function to distinguish different alternatives 
only after simultaneous activation of both languages.  
According to the BIA+ Model, the bilingual system consists of two subsystems: the word 
identification subsystem and the task/decision subsystem. During word identification, also 
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described in the BIA Model, the visual/acoustic input activates the sublexical 
orthographic/phonological representations of the word entries, represented in Figure 2 from the 
original BIA Model (Dijkstra & van Heuven, 1998; p. 200). These sublexical representations 
immediately activate both orthographic/phonological whole-word representations and semantic 
representations. Finally, language nodes, which indicate words’ membership to a particular 
language, are activated. All of this information is then used in the task/decision subsystem to 
carry out the remainder of the task at hand.  
 
 
Figure 2: Visual Representation of the BIA Model 
 
More specifically, the word identification subsystem controls lexical access and it is 
thought to be language nonselective, as potential word choices from both languages are activated 
in the bilingual brain when exposed to the same stimulus. In this subsystem, we find language 
nodes (or tags), which provide a representation for the target language based on the information 
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from bottom-up orthographic, semantic, and phonological word identification processes. The 
existence of these nodes enables bilingual individuals to avoid interference from the non-target 
language while they process the other language. Language nodes control for the potential 
interference generated by non-target language representations. In this subsystem, the frequency 
of word use by the bilingual is expected to affect the resting potential activation. Basically, those 
words that a bilingual uses more frequently in a given language are going to be activated more 
rapidly in that language than in the other language. 
The original BIA Model combined top-down inhibitory control of lexical activation with 
a mechanism for coding for which language a word belongs to, represented by language nodes. 
That is, given sufficient processing, only representations associated with the appropriate 
language will remain activated, as modulated by the language nodes. However, the updated 
BIA+ Model describes the relative activation of the language nodes (or even “of the languages”) 
as being completely dependent upon activation from other linguistic representations (e.g., lexical 
input and context) and becoming available late during (isolated) bilingual word processing. In 
other words, in the BIA+ Model, these language nodes do not constrain lexical activation early in 
the word recognition process. In fact, studies suggest that this information appears too late to 
affect the word selection process (e.g., Dijkstra, Timmermans, & Schriefers, 2000). 
With respect to the task/decision subsystem, the model postulates that it determines 
which actions must be executed for the task to be completed based on the relevant information 
that becomes available once the word identification process has been completed (information 
provided by the word identification subsystem). Notice that this subsystem involves executive 
processes such as monitoring and control, but it does not imply top-down effects from the 
task/decision system on the identification system (which activates lexemes based on bottom-up 
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information) early in the word recognition process. Comparing more directly the two subsystems 
just described, the BIA+ Model assumes that the word identification subsystem is affected by 
linguistic information (defined as the effects of lexical, syntactic, or semantic sources (e.g., 
sentence context)), while the task/decision subsystem can be influenced by non-linguistic 
information (such as those arising from instruction, task demands, or participant expectancies). 
Figure 3 provides a visual representation of the two subsystems described in the BIA+ Model 
(Dijkstra & van Heuven, 2002; p. 182). 
 
 





2.3 Assessing the Effects of Language Proficiency and Language Bias on Cross-
Language Activation in Language Comprehension and Language Production 
Given the aforementioned discussion of the literature on bilingual language 
comprehension and language production, it remains unclear how language (here, L2) proficiency 
and language bias modulate bilinguals’ activation of bilinguals’ two language systems, whether 
the two factors interact (e.g., more proficient bilinguals could show less sensitivity to language 
bias as a result of better controlling for the degree of cross-language activation), and whether 
(and if so, how) the degree of involvement of these factors differ in language comprehension vs. 
language production. Experiments in which bilinguals are asked to work in both of their 
languages (i.e., in a bilingual language mode) may lead to more cross-language competition as 
compared to tasks in which they are only supposed to work in only one language and where the 
other language is not explicitly mentioned (i.e., in a monolingual language mode), but such an 
effect may depend in part on their L2 proficiency, and it may be stronger in language 
comprehension or language production, depending on the degree of control over cross-language 
activation that bilinguals can exert in these two types of tasks.  
Importantly, the two models considered in the current dissertation (the Inhibitory Control 
Model (Green, 1998) and the BIA+ Model (Dijkstra & van Heuven, 2002) make different 
predictions regarding the mechanisms employed to control cross-language interference in the 
initial stages of word recognition. While the Inhibitory Control Model predicts that early cross-
language activation would be modulated by both language proficiency and language bias, the 
BIA+ Model claims that the activation and inhibition of lexical representations is strictly 
controlled by the input early in the word recognition process; thus, in this model, no effect of 
language bias is expected in early cross-language activation. Moreover, the Inhibitory Control 
28 
 
Model predicts that the same factors will influence both language comprehension and language 
production, whereas the BIA+ model does not make explicit predictions regarding bilingual 
word production.  
This dissertation uses the visual world eye-tracking paradigm to further explore 
constraints on parallel language activation in bilingual lexical processing. Its primary goal is to 
understand how factors such as L2 proficiency and language bias influence bilinguals in their 
control of the level of activation of their two languages. In order to do so, L1-Spanish L2-English 
and L1-English L2-Spanish participants were tested to examine how differences in word-level 
stress between the two languages affect their word recognition in Spanish. Moreover, an 
adaptation of this paradigm was implemented in speech production to determine how the same 
factors control bilingual activation during word production.  
The next chapter reviews existing research on native and non-native listeners’ use of 





Chapter 3: Stress as a Cue for Word Recognition 
 
The speech processing system is extremely efficient: In order to recognize words 
successfully, it uses all available information in the signal to activate the (intended) target word 
and inhibit the (unintended) lexical competitors. One such type of information is word-level 
stress. Several studies have shown that in languages that have word-level stress (e.g., Spanish, 
Dutch, and English), stress constrains lexical access (e.g., Cooper et al., 2002; Cutler & Pasveer, 
2006; Cutler, Wales, Cooper, & Janssen, 2007; Soto-Faraco et al., 2001). During online word 
recognition, as a spoken word unfolds, lexical candidates that most closely match the input 
segmentally become partially activated and compete most strongly with the target word for 
recognition (e.g., Luce & Pisoni, 1998; Luce, 1986; Marslen-Wilson & Warren, 1994). In 
languages that have word-level stress, greater activation of words that match the signal both 
segmentally and suprasegmentally is observed as compared to words that match the signal only 
segmentally  (e.g., Cooper et al., 2002; Soto-Faraco et al., 2001). 
This section discusses the most relevant literature on the use of word-level stress as a cue 
to lexical identity in native and non-native word recognition, with special attention to Spanish 
and English, the two languages spoken by the bilinguals in the present study.  
 
3.1 Word-Level Stress as a Cue to Native Word Recognition 
Spanish has several morphologically unrelated minimal pairs that differ only in word 





 If we take into account verbs, stress becomes very important in Spanish, as listeners 
have to recognize this information in order to understand verb forms, as the subject pronoun is 
optional (e.g., canto ‘I sing’ vs. cantó ‘he/she sang’). In addition to these minimal pairs, Spanish 
has several words that overlap segmentally up to a specific point in the word but differ in stress 
placement (e.g., materia ‘subject/matter’ vs. material ‘material’). Thus, overall, stress has a 
rather high functional load in Spanish.  
As in many other languages, Spanish stress is cued by means of three acoustic 
parameters: fundamental frequency (F0), duration, and intensity. All three parameters have been 
shown to be important in the production and perception of Spanish stress. F0 is described as the 
primary stress cue, while duration and intensity are considered secondary cues (e.g., Llisterri, 
Machuca, de la Mota, Riera, & Ríos, 2002a, 2002b, 2003). As a secondary cue, duration has 
been claimed to be a stronger cue than intensity in all but the word-final syllable; higher intensity 
is used to cue stress in the final syllable, because duration would not be an informative cue in 
that position given word-final lengthening in Spanish (Enríquez, Casado, & Santos, 1989). 
Importantly, most Spanish dialects do not have vowel reduction. Hence, Spanish stress is 
realized primarily with suprasegmental cues. In Spanish, stress placement can be predicted by 
abstract, complex stress assignment rules (Harris, 1969): For nouns, the rule states that stress 
falls on the last syllable if it ends with a consonant other than [n] or [s], and otherwise on the 
penultimate syllable (Harris, 1969). 




 In all the examples provided in this proposal, bolded syllables indicate the location of primary stress; accent marks 
are provided where they appear in the Spanish orthography. 
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Given its high functional load, Spanish listeners should make active use of stress 
information when recognizing Spanish words. Soto-Faraco et al. (2001) investigated whether 
word stress indeed constrains lexical access for native Spanish listeners. In a cross-modal 
priming lexical decision task, participants were presented with word onset fragments as auditory 
primes. The word onset fragments consisted of the first two syllables of word pairs that were 
segmentally identical up to the onset of the third syllable, were not semantically and/or 
morphologically related, and differed in stress pattern (e.g., príncipe ‘prince’ vs. principio 
‘beginning’). After the auditory presentation of the segmentally ambiguous fragments of words, 
participants saw a string of letters presented in the middle of the screen, and they had to decide 
whether or not this string was a real word in Spanish. The experiment included three conditions: 
(i) in the match condition, the auditory prime fragment was the first two syllables of the visual 
target word and thus matched the target word both segmentally and in stress (e.g., prime: princi-; 
target: príncipe); (ii) in the mismatch condition, auditory prime fragment was the first two 
syllables of a competitor word that matched the visual target word segmentally but mismatched it 
in stress (e.g., prime: princi- from principio; target: príncipe); (iii) and in the control condition, 
auditory prime fragment came from a word that was unrelated to the visual target word (e.g., 
prime: mosqui- from mosquito ‘mosquito’; target: príncipe). Results show that the auditory 
primes matching the target word both segmentally and suprasegmentally (i.e., in stress) speeded 
up response times as compared with the unrelated control primes. Furthermore, the auditory 
prime fragments that were segmentally identical to but mismatched the target word in stress 
placement slowed down response times as compared to unrelated primes, suggesting lexical 
competition from the word from which the prime had been extracted. This pattern of results 
suggests that Spanish listeners use word stress information in lexical access. 
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This pattern of results was replicated in Dutch by van Donselaar, Koster, and Cutler 
(2005). As in Spanish, word-level stress is also contrastive in Dutch, and it is mainly marked 
suprasegmentally (unlike Spanish, Dutch has vowel reduction in some words). In Dutch, there is 
a strong tendency for stress to occur word-initially, which is a cue effectively exploited by 
listeners in this language in speech segmentation (Cutler & Norris, 1988; Vroomen, Tuomainen, 
& de Gelder, 1998). In a partial replication of Soto-Faraco et al. (2001), van Donselaar et al. 
(2005) used pairs of words like octopus ‘octopus’ and Oktober ‘October,’ which are matched 
segmentally for the first two syllables but differ with respect to stress position. They presented 
participants with a visual word target to be recognized, which was preceded by: (i) an auditory 
prime consisting of the first two syllables of the same word (e.g., prime: okto- from Oktober 
‘October’; target: Oktober ‘October’); (ii) an auditory prime of two syllables that came from a 
word matching the visual target in segments but mismatching it in stress (e.g., prime: octo- from 
octopus ‘octopus’; target: Oktober ‘October’); and (iii) an auditory control prime consisting of 
the first two syllables of a word that was unrelated to the visual target word (e.g., prime: eufo- 
from euforie ‘euphoria’; target: Oktober ‘October’). Their results paralleled the findings reported 
by Soto-Faraco et al. (2001), with faster response times when the auditory prime matched the 
visual word both segmentally and suprasegmentally than when the auditory prime matched 
visual word only segmentally. Moreover, the mismatch condition yielded slower response times 
as compared with the control condition, suggesting lexical inhibition from the competitor words 
from which the fragments had been extracted, similar to Soto-Faraco et al.’s (2001) study.  
Reinisch, Jesse, and McQueen (2010) extended these findings using the visual world eye-
tracking paradigm, which allowed them to see the moment-by-moment processing of stress 
information. In such a task, they showed that Dutch listeners used stress as soon as it became 
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available in the signal, such that they began to disambiguate the target word (e.g., octopus 
‘octopus’) from its stress competitor (e.g., Oktober ‘October’) before the segmental information 
provided all the necessary cues for disambiguation (for similar results with response times, see 
Cutler and Van Donselaar (2001)).
3
 
The results of these studies suggest that, in languages that have word-level stress and 
little or no vowel reduction (respectively, Dutch and Spanish), stress constrains lexical access by 
increasing the activation of those lexical candidates that match the signal both segmentally and 
suprasegmentally and by treating those candidates that match the signal only segmentally as 
lexical competitors. However, these results leave open the possibility that suprasegmental cues to 
stress constrain lexical access only in languages where these cues do not coincide with segmental 
cues, specifically spectral cues in the vowel (i.e., vowel reduction). A case in point is English. In 
English, although stressed syllables have higher F0, longer duration, and higher intensity, their 
vowels are also less likely to be centralized than unstressed syllables (e.g., Beckam, 1986; Fry, 
1954; Lehiste, 1959; Lieberman, 1960). In other words, English stress shows an interdependence 
between segmental and suprasegmental cues. As a result, changing stress placement affects both 
the segmental and suprasegmental characteristics of words, yielding very few minimal pairs that 
can be distinguished based solely on suprasegmental cues (e.g., forebear ‘ancestor’ vs. forbear 
‘to persist’; Cutler, 1986). 
Experimental studies looking at how native speakers of English use stress for word 
recognition have found that English listeners assign greater weight to segmental cues than to 




 In a separate experiment with monosyllabic primes, the authors found facilitation for matching primes, but they did 
not find facilitation for mismatching ones. 
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suprasegmental cues to distinguish among competing words. For example, using a cross-modal 
priming task, Cutler (1986) tested priming effects for word pairs such as forebear and forbear. In 
the task, participants were presented with an auditory sentence; at some point during the 
sentence, a visual target (a string of letters) appeared on a screen, and participants had to decide 
whether or not that string of words was a real English word. Words were manipulated such that 
they were either semantically related to the target word they heard (e.g., ‘ancestor’ for forebear 
and ‘tolerate’ for forbear) or unrelated (e.g., “ancestor” for forbear). The results of her study 
showed equivalent priming for both stress patterns: The auditory stimulus forebear equally 
facilitated the processing of ancestor and tolerate, the two semantically related words to, 
respectively, forebear and forbear. Results were taken to suggest that, in the absence of 
segmental cues, stress does not constrain English listeners’ lexical access.  
Although English has very few minimal pairs that differ only suprasegmentally, it has 
many words that overlap segmentally up to a specific point in the word but have different stress 
placement (e.g., mystery and mistake). It is therefore unclear whether suprasegmental cues to 
stress can modulate word recognition at an earlier point in the word (i.e., prior to the segmental 
disambiguation point). Cooper et al. (2002) examined this specific issue, and found that native 
English listeners can indeed exploit suprasegmental information in spoken-word recognition. 
The participants completed two cross-modal priming tasks and a word identification task (the 
word-identification experiment will be discussed in the next section). Using a cross-modal 
fragment priming study similar to that of Soto-Faraco et al. (2001) and van Donselaar et al. 
(2005), the authors tested native English listeners’ processing of words whose first syllable 
contrasted in primary vs. secondary stress (e.g., admiral vs. admiration) or in stress vs. no stress 
(e.g., music vs. museum). Participants performed a lexical decision task. They listened to 
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sentences ending with the first two syllables of these word pairs (i.e., the prime) (e.g., We were 
sure the word was admi-), and then saw a word on the computer screen. They were instructed to 
decide as quickly and accurately as possible if the word they saw was a real English word. As 
their stimuli, they used fragments from word pairs that do not show segmental cues to stress 
(without vowel reduction or with vowels that have similar segmental realizations in stressed and 
unstressed syllables). The stimuli were presented in three conditions: (i) in the match condition, 
the auditory prime fragment consisted of the first or first two syllables of the visual target word 
(e.g., prime: admi- from admiral, target: admiral; prime: mu- from music, target: music); (ii) in 
the mismatch condition, the auditory prime fragment was the first or first two syllables of a 
competitor word that matched the visual target word segmentally but mismatched it in stress 
(e.g., prime: admi- from admiration, target: admiral; prime: mu- from museum, target: music). 
Finally, a control condition was included in which the auditory prime fragment came from a 
word that was unrelated to the visual target word (e.g., prime: propo- from proposition, target: 
admiral; prime: expla- from explanation, target: music).  
Their results showed that, when the auditory prime matched the target both segmentally 
and suprasegmentally, there was greater activation of the target than its competitor (e.g., admiral 
was shown to activate admi- (from ‘admiral’) to a greater extent than admi- (from ‘admiration’), 
and music was shown to activate mu- (from ‘music’) to a greater extent than mu- (from 
‘museum’)). However, the mismatching prime did not result in slower response times to the 
target as compared to the unrelated condition (i.e., no inhibition found). The lack of inhibition 
was taken to indicate that English listeners do make some use of stress, but not to the same 
degree as native Spanish or Dutch listeners. Hence, even in languages where vowel reduction co-
varies with stress placement, listeners seem to use suprasegmental cues to stress to recognize 
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words, at least to some degree (enough to further activate the target over the competitor, but not 
enough to yield lexical competition). 
Existing evidence, thus, suggests that native speakers of languages with word-level stress 
use this cue for word recognition, but their reliance on suprasegmental cues to stress differs 
based on how much suprasegmental information contributes to lexical identity in the language. 
As discussed herein, this dissertation examines the use of stress cues in Spanish words as a 
diagnosis for cross-language activation in L2 learners’ word processing and production: 
Assuming that bilingual English-Spanish listeners can also use stress to recognize Spanish words 
(as demonstrated below and in this research), the current study investigates whether cognate 
words that differ in stress placement in the L1 and L2 interfere with L2 word recognition and 
production processes. We therefore turn to a review of the most relevant literature on L2 
learners’ use of stress in word recognition. 
 
3.2 Stress as a Cue to Word Recognition in L2 Learners 
Most research has focused on the use of stress in English or Spanish. Some of this 
research has examined whether native speakers of French, a language without word-level stress, 
can encode stress phonologically and use it to access words in languages with word-level stress, 
such as Spanish and English. Prominence in French consistently falls on the last syllable of the 
phrase (e.g., Jun & Fougeron, 2002; Welby, 2006). Therefore, prominence does not provide 
relevant information for distinguishing between segmentally identical competing words. Native 
French listeners have indeed been found to experience difficulty perceiving stress in foreign 
languages (e.g., Dupoux, Peperkamp, & Sebastián-Gallés, 2001) and using it to recognize words 
37 
 
in the L2 (e.g., Dupoux, Sebastián-Gallés, Navarrete, & Peperkamp, 2008; Tremblay, 2008, 
2009). 
French listeners’ difficulty in perceiving stress in non-words (e.g., Dupoux et al., 2001) 
has given rise to the question of whether French-speaking L2 learners of languages such as 
Spanish and English can use stress in lexical access. Dupoux et al. (2008) looked at whether 
stress would constrain French and Spanish listeners’ lexical access. In their study, participants 
completed a speeded lexical decision task, which included word and non-word minimal pairs 
where the non-words were incorrectly stressed Spanish words (e.g., ropa ‘clothing’ vs. *ropa). 
The results of this study showed that L2 learners’ accuracy was only slightly above chance level. 
While they were good at identifying the real words (and proficiency was in this case a good 
predictor of overall accuracy), they were less accurate in identifying incorrectly stressed words 
as non-words in Spanish, and their accuracy for these non-words did not improve with increased 
proficiency. The authors interpreted these findings (and those of a different, sequence-encoding 
experiment) as suggesting that native French listeners cannot encode phonetically variable word 
stress in short-term memory, and as a result, do not use stress in lexical access.  
Tremblay (2008) also explored this issue with French Canadian L2 learners of English. In 
her study, a partial replication of Cooper et al. (2002)’s word-identification experiment 
(discussed next) was used, in which both French L2 learners of English and native English 
listeners completed a cross-modal word identification task. During the task, participants heard a 
semantically ambiguous sentence ending with the first syllable of a word (e.g., Very few still 
remembered the mys/mis-). Immediately afterwards, they were presented with two words on the 
screen (e.g., mystery vs. mistake) and were asked to identify the word they thought the last 
syllable in the sentence belonged to. Segmentally, the first syllable of the two words was the 
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same, but it differed with respect to whether or not it was stressed. The results showed that the 
L2 learners were less accurate than the native listeners in using stress for lexical access (the most 
advanced L2 learners reached 59.4% accuracy when the prime was stressed and 58% when it 
was unstressed, while native speakers got 72.8% and 64.9% accuracy, respectively). Importantly, 
not proficiency, but length of immersion in the L2 environment, was found to be a good 
predictor of L2 learners’ ability to use English stress for lexical access, with learners with more 
immersion time making use of stress in lexical access. Thus, it seems that even when stress is not 
instantiated in the native language, L2 learners can still learn to use it for L2 lexical access. 
Other studies have found that L2 learners whose L1 has word-level stress can use stress 
in L2 lexical access. In their study, Cooper et al. (2002) tested Dutch L2 learners of English with 
two cross-modal lexical decision tasks (described in the previous section) and a cross-modal 
word-identification task. Dutch and English are similar prosodically and use the same 
suprasegmental cues to mark stressed syllables, but English has more vowel reduction than 
Dutch. Given the similarities between the two languages and the high level of proficiency of 
their participants, the authors predicted that both groups would pattern similarly. Cooper et al. 
(2002) used fragments from word pairs that did not contain segmental cues to stress (fragments 
without vowel reduction or with vowels that had similar segmental realizations in stressed and 
unstressed syllables). On the cross-modal lexical decisions tasks (described in the previous 
section), Dutch L2 learners of English performed just like native English listeners.  
The cross-modal word identification task was somewhat different from the cross-modal 
lexical decision tasks. Participants heard the first syllable of words that contained either stress  or 
no stress in this position (e.g., music vs. museum). They listened to sentences ending with the 
first syllable of one of the words in the word pairs (e.g., We were sure the word was mu-), and 
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then saw two words (e.g., “music,” “museum”). Participants were instructed to identify the word 
they thought completed the sentence they heard. The results showed that both Dutch L2 learners 
of English and native English listeners performed above chance, and in fact, the learners were 
more accurate than the native listeners in selecting the correct word after the segmentally 
ambiguous fragment (about 80% when the truncated word contained stress vs. about 65%, when 
the fragment did not have the cue to stress). The authors attribute these results to Dutch listeners 
being more sensitive to prosodic information than English listeners given that there is not as 
much vowel reduction in Dutch as compared to English. 
The fact that stress is cued with both segmental and suprasegmental information in 
English raises the question of whether English-speaking L2 learners of another language with 
word-level stress (e.g., Spanish) can shift their reliance from primarily segmental cues (vowel 
reduction) to suprasegmental cues when recognizing L2 words that differ in stress. This question 
was addressed by a recent study, looking at intermediate-to-advanced English L2 learners of 
Spanish (Martínez-García et al., n.d.). In a partial replication of Soto-Faraco et al. (2001) but 
using a cross-modal word identification task like the one used in Cooper et al. (2002) and 
Tremblay (2008), the authors found that native Spanish listeners and intermediate-to-advanced 
English-speaking L2 learners of Spanish performed virtually identically on a corresponding 
Spanish task, with stressed fragments (e.g., auditory fragment: porta-; visually presented word to 
select from: portada or portador) similarly constraining lexical access for both groups.
4
 Thus, L2 




 However, in that study, unstressed fragments (e.g., auditory fragment: porta-; visually presented word to select 
from: portada and portador) did not constrain lexical access for either group. These results were attributed to the 




learners showed evidence of being able to learn to use suprasegmental cues to stress also in 
Spanish. Moreover, there was evidence of learning in the study, with L2 learners showing 
increased sensitivity to stress as their proficiency and lexical knowledge in Spanish increased. 
This suggests that English-speaking L2 learners of Spanish can use Spanish stress when 
recognizing Spanish words. 
This dissertation takes advantage of the fact that intermediate-to-advanced English L2 
learners of Spanish can use stress in L2 word recognition (as found by Martínez-García et al., 
n.d.) to further explore how differences in word-level stress between the two languages (Spanish 
and English) affect bilingual activation. Stress is an interesting linguistic phenomenon to 
investigate bilingual activation, because Spanish and English have a number of words that share 
corresponding segments (cognates) but do not have the same stress pattern. For example, the 
word material, which has the same meaning in both languages, has second-syllable stress in 
English (material) but final stress in Spanish (material). The similar segmental makeup of these 
two words is likely to result in the English word being activated even in a Spanish task, and the 
different stress placement in the English word may interfere with participants’ use of (the 
correct) Spanish stress when recognizing and producing the Spanish word, with this degree of 
interference being potentially larger if English is the L1 than if it is the L2. Using such cognates 
thus allows us to maximize the possibility of finding bilingual lexical activation (even in a 
situation in which English is not expected to be activated), which in turn will make it possible to 
examine the factors that modulate the degree to which L1-Spanish L2-English and L1-English 
L2-Spanish participants can inhibit the non-target language. We now turn to the research 
questions investigated in the current study and to the general experimental design that was 
adopted.      
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Chapter 4: The Current Study 
 
Recent findings have shown that in any linguistic context, bilinguals’ languages are 
active and interact, yet bilinguals manage to inhibit the non-target language (for a review, see 
Kroll et al. (2012)). As discussed in Chapter 2, plenty of evidence exists that bilinguals’ 
languages are activated in parallel fashion, even when the context in which communication takes 
place requires them to function using only one of their two languages, that is, even in a 
monolingual language mode. Hence, successful communication involves minimizing 
interference from the unintended language.  
Language proficiency and language bias have been proposed to influence the degree of 
cross-language activation that bilinguals show. To date, however, it remains unclear how both L2 
proficiency and language bias modulate bilinguals’ activation of their two language systems, 
whether these two factors interact, and whether (and if so, how) the degree of involvement of 
these factors differs in language comprehension vs. language production.  
 
4.1 Research Questions 
The primary goal of this study is to examine whether, and the conditions under which, L2 
proficiency and language bias affect the way in which L1-Spanish L2-English and L1-English 
L2-Spanish bilinguals control the level of activation of their two languages. The specific research 
questions that the current study intends to address are: 
1. Does lexical stress modulate cross-language activation in: 
a) L1-Spanish L2-English bilinguals’ comprehension of Spanish-English cognate 
words in a monolingual language mode? 
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b) L1-English L2-Spanish bilinguals’ comprehension of Spanish-English cognate 
words in a monolingual language mode? 
2. (How) does L2 proficiency modulate cross-language activation in:  
a) L1-Spanish L2-English bilinguals’ comprehension of Spanish-English cognate 
words in: 
1. a monolingual language mode? 
2. a bilingual language mode? 
b) L1-English L2-Spanish bilinguals’ comprehension of Spanish-English cognate 
words in: 
1. a monolingual language mode? 
2. a bilingual language mode? 
c) L1-Spanish L2-English bilinguals’ production of Spanish-English cognate words 
in a bilingual mode? 
d) L1-English L2-Spanish bilinguals’ production of Spanish-English cognate words 
in a bilingual mode? 
3. (How) does language bias modulate cross-language activation in: 
a) L1-Spanish L2-English bilinguals’ comprehension of Spanish-English cognate 
words? 
b) L1-English L2-Spanish bilinguals’ comprehension of Spanish-English cognate 
words? 
c) L1-Spanish L2-English bilinguals’ production of Spanish-English cognate words? 
d) L1-English L2-Spanish bilinguals’ production of Spanish-English cognate words? 
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4. (How) do the effects of L2 proficiency and language bias on bilinguals’ cross-
language activation interact in: 
a) L1-Spanish L2-English bilinguals’ comprehension of Spanish-English cognate 
words?  
b) L1-English L2-Spanish bilinguals’ comprehension of Spanish-English cognate 
words?  
c) L1-Spanish L2-English bilinguals’ production of Spanish-English cognate words?  
d) L1-English L2-Spanish bilinguals’ production of Spanish-English cognate words?  
5. Do differences between comprehension and production exist in how L2 proficiency 
and language bias modulate cross-language activation in: 
a) L1-Spanish L2-English bilinguals? 
b) L1-English L2-Spanish bilinguals?  
 
To answer these questions, the current research investigates bilingual processing using 
the visual world eye-tracking paradigm and an adaptation of this paradigm in speech production. 
It does so by examining how differences in word-level stress placement between Spanish and 
English affects the processing of cognate words in language tasks with one language (where 
participants are in a monolingual language mode) vs. two languages (where participants are in a 
bilingual language mode). In all experiments, the critical conditions have a Spanish target word 
and a Spanish-English cognate competitor word. The stress pattern of the competitor word in 
Spanish always mismatched the Spanish target in stress (e.g., target: materia ‘matter’; 
competitor: material ‘subject’). The stress pattern of the English cognate competitor word was 
manipulated such that it would match the Spanish target (e.g., target: materia; competitor: 
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material) or mismatch the Spanish target (e.g., target: litera ‘bunk bed’; competitor: literal 
‘literal’).
5
 This type of design was used to examine whether the different stress placement of the 
English cognate competitor word would affect bilingual listeners’ recognition and production of 
the Spanish target word. To examine the effect of L2 proficiency on the degree of cross-language 
activation anticipated from the cognate words, two measures of participants’ proficiency were 
taken: a cloze (i.e., fill-in-the-blank) test, and the LexTALE task (for L1-Spanish L2-English 
bilinguals) and a corresponding version of it in Spanish (for L1-English L2-Spanish bilinguals) 
(Lemhöfer & Broersma, 2012). Finally, language bias was manipulated by controlling how often 
participants would hear the Spanish-English cognate target word in Spanish or in English (in the 
filler trials). This created a bias towards expecting more or less of English in the task itself, 
allowing us to determine how this language bias manipulation affected cross-language activation 
in the processing of the experimental trials (where the target word was always in Spanish and the 
competitor word was a Spanish-English cognate). 
The next sections describe the experimental design used in this dissertation as well as the 
participants tested. 
 
4.2 Overall Procedure 
The study required participants to come to the lab three times, with at least two days in 
between visits (to avoid priming effects, as some of the stimuli were repeated in the different 
experiments). During the first visit to the lab, participants signed the consent form, completed a 




 In these two examples, the stressed syllable in Spanish is marked in bold, while the English stress pattern for the 
cognate words is underlined to emphasize how they match or mismatch the stress pattern of the Spanish target word. 
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background questionnaire, took Experiment 1 (a visual world eye-tracking experiment in 
Spanish), and completed the cloze test (Brown, 1980 in English and a combination of the MLA 
Cooperative Language Text (Spanish Embassy, Washington, DC, USA) and the Diploma de 
Español como Lengua Extranjera (Educational Testing Service, Princeton, NJ, USA) in 
Spanish). The first visit took approximately 1 hour to complete. During this first session, 
measures were taken to reduce the likelihood that participants would expect to hear any English 
(e.g., the instructions were given in Spanish, the experimenter spoke to the participants only in 
Spanish, etc.). In other words, as much as it was feasible to do so, participants were put in a 
Spanish monolingual language mode (since most of the L1-English L2-Spanish participants were 
tested in the US, they were otherwise surrounded by their native language). During the second 
visit, participants completed Experiment 2 (a visual world eye-tracking experiment in both 
Spanish and English) and a Spanish or English version of the LexTALE task (the Spanish 
version is under development; the English LexTALE is published in Lemhöfer & Broersma, 
2012). The second visit to the lab took approximately 40 minutes to complete. During the third 
visit, participants completed Experiment 3 (a production task adapted from the visual-world eye-
tracking paradigm in both Spanish and English) and a word-familiarity rating task. The third visit 
took approximately 30 minutes to complete.  
 
4.3 Participants 
Two groups of participants were tested: A group of 48 native speakers of Spanish with a 
mid-proficiency level in English (referred to as L1-Spanish L2-English), tested at the University 
of Valencia (Spain), and a group of 40 mid-to-high-proficiency English-speaking L2 learners of 
Spanish (referred to as L1-English L2-Spanish), most of whom were tested in the Second 
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Language Processing and Eye-Tracking (L2PET) lab at the University of Kansas. The main 
purpose of having these two groups was to determine how bilingual activation may depend on 
whether the unintended language is the L1 (as in the case of our L1-English L2-Spanish group) 
or the L2 (as in the case of our L1-Spanish L2-English group). We also sought to determine how 
individual differences in L2 proficiency influenced the degree of cross-language interference for 
each group. However, since the two groups of participants tested are ultimately not comparable 
(the two groups differed in both their L2 proficiency scores and their L2 experience), the two 
groups are described separately and, accordingly, the results of the three experiments are 
reported separately for each group. 
 
4.3.1 L1-Spanish L2-English Group 
This group included 48 native speakers of Castilian Spanish. Thirty-six of the 48 
participants reported being bilingual speakers of Spanish and Catalan (given the location of the 
university where the data were collected).
6
 However, all of the bilingual participants reported 
having acquired both of their languages at birth and speaking Spanish most of the time in their 
daily lives. In fact, in the language background questionnaire, all of them reported being 
Spanish-dominant. Even though we made sure that participants were native speakers of Spanish 
or at least Spanish-dominant, we do not expect their knowledge of Catalan to pose a problem for 
this study. Spanish and Catalan cue stress similarly, with both languages using primarily 
suprasegmental information to realize stress, such that stressed syllables in isolated words have 




 The other 12 participants reported having studied Catalan at school and/or at the university and claimed being 
high-proficient in this language. 
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higher pitch, longer duration, and greater intensity than unstressed syllables in both languages 
(e.g., Gavaldà-Ferré, 2007; Ortega-Llebaria, del Mar Vanrell, & Prieto, 2010). Some dialects of 
Catalan have some vowel reduction, but Valencian, the dialect spoken by the speakers in this 
group, reduces the number of possible vowels only from seven (/a ɛ e i ɔ o u/) to five (/a e i o u/) 
in unstressed environments, merging [ɛ] into [e] and [ɔ] into [o]. This is unlike other dialects of 
Catalan (e.g., Central Catalan) that only distinguish among [i], [u], and [ə] in unstressed position 
(Gavaldà-Ferré, 2007). 
All of the participants in this group were adult mid-proficiency L2 speakers of English, 
and 26 of them reported having studied other languages (Italian, French, Portuguese, Latin, 
Japanese, or German) to different degrees of proficiency.
7
 Their proficiency in English was 
assessed using a cloze test (Brown, 1980) and the LexTALE task (Lemhöfer & Broersma, 2012). 
The original version of the cloze test consists of a passage from a specialized text (about 
Neanderthals) with 50 open-ended blanks. However, in order to control for the degree of 
difficulty of the test (as compared with the Spanish proficiency test), a multi-choice version of it 
was created. For each blank, we created three distracter options by selecting three incorrect 
responses among the most frequent incorrect responses that 132 previous test takers (native 
speakers of French and Spanish) had provided when taking the test. For each blank, participants 
were asked to choose among 4 choices, one of which was the correct word. The order of the 




 It was not possible to control for the bilinguals’ level of proficiency in other languages. However, all participants 
reported having learned L2 English or L2 Spanish before any other non-native language and being more proficient 
in L2 English or L2 Spanish than in any other non-native language. Thus, it was not expected that bilinguals’ 
knowledge of these other languages would have a strong effect on the results reported in the current study. 
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multiple choices was randomized during the test. This English proficiency test can be found in 
Appendix A.  
LexTALE is a proficiency test that targets vocabulary knowledge by using a lexical 
decision task. In a study on Dutch and Korean learners of English, LexTALE was found to be a 
good predictor of vocabulary knowledge (as measured by L1-L2 and L2-L1 translations) and to 
be a better measure of English proficiency than self-ratings (as measured by two thorough and 
extensive proficiency tests, the TOEIC and the Quick Placement Test) (Lemhöfer & Broersma, 
2012). The test comprises 60 trials (40 real words and 20 nonce words) and participants are 
instructed to decide whether a string of letters presented in the screen is an existing English word 
or not by pressing one of two keyboard keys (F for “no” and J for “yes,” labelled as “no” and 
“yes” respectively). The original test includes three practice test items not considered in the final 
score. We administered the test in Paradigm (Tagliaferri, 2005) by downloading the item list and 
instructions for proper implementation and by randomizing the presentation of the test stimuli. 
There was no time limit for the lexical decision, so participants could take as much time as 
needed to make their decision. Participants were also instructed that the experiment used British 
English spelling, but that they should not let minor differences such as “realise” instead of 
“realize” confuse them. The English version of LexTALE, including the instructions used, is 
included in Appendix B. The test was scored as follows: The percentage of correct responses, 
corrected for the unequal proportion of real and nonce words, were averaged for these two item 
types, following the formula: (number of real words correct/40*100 + number of nonce words 
correct/20*100) / 2. From both measures of proficiency, a composite proficiency score was 
created by averaging the participants’ percent accuracy on both measures. Doing so provided us 
with a global estimate of the participants’ proficiency and vocabulary size in English. Using 
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written measures of proficiency also made it possible to avoid the potential circularity that would 
be associated with using an aural/oral task as a predictor of performance on other aural/oral tasks 
(as Experiments 1 and 2). 
All participants filled out a short language background questionnaire, providing relevant 
biographical and language learning information. As reported in Table 1, on average the L1-
Spanish L2-English bilinguals started learning English after the age of 9 (which is the normal 
age at which English is introduced in the curriculum in Spain), had studied English for an 
average of 13 years, and lived in an English-speaking country for an average of only 4 months. 
This language-background information is consistent with the fact that these bilinguals scored in 
the mid-proficiency range of our composite proficiency measure (average of the cloze test and 
the LexTALE scores). Seventy percent of the participants also reported having a majority of 
nonnative speakers as their English instructors.  
Furthermore, the L1-Spanish L2-English bilinguals were asked to rate their familiarity 
with the English version of the Spanish-English identical cognates used as competitor words in 
the main experiments on a scale from 0 (I have never seen/heard this word) to 5 (I have 
seen/heard this word, I know what it means, and I can provide a definition for it), implemented in 
Paradigm software (Perception Research Systems, Inc.; Tagliaferri, 2005). These familiarity 
ratings indicated that these participants were highly familiar with all the cognate words used in 
the three experiments.
8,9
  Moreover, the L1-Spanish L2-English bilinguals’ lexical familiarity 




 Given that lexical familiarity did not improve any of the statistical models on the experimental data, it will not be 
discussed further.  
9
 However, L1-Spanish L2-English bilinguals’ knowledge of stress placement in the English cognate competitor was 
not assessed. It is thus possible that these participants did not know the stress placement of the English cognate 
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correlated with their proficiency scores. The word familiarity task can be found in Appendix C, 
including the exact instructions. 
 
Table 1: Background Information, L1-Spanish L2-English Group 
 Age of 
acquisition 











Mean 9.9 13.1 4.3 59.0% 4.6 
SD 1.4 4.1 7 9.8% 0.5 
Min 9 4 0 42.4% 3 
Max 17 20 36 85.8% 5 
 
 
4.3.2 L1-English L2-Spanish Group 
All of the 40 L1-English L2-Spanish participants were native speakers of English with no 
significant exposure to Spanish or other languages before puberty (age of acquisition range: 9-
21, as seen in Table 2). The majority of the L2 learners of Spanish were graduate students in the 
Department of Spanish and Portuguese at the University of Kansas, upper level undergraduate 
students majoring in Spanish, or high school Spanish teachers recruited from the Lawrence 
community by word-of-mouth. All of the participants in this group were tested in the Second 
Language and Eye-Tracking Laboratory (L2PET) at the University of Kansas, except for four of 
                                                                                                                                                             
 
 
competitors in the task, especially since 70% of them reported having non-native English instructors.  
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them, who were tested at the University of Valencia. These four participants were study-abroad 
students in a summer program in Valencia, originally students from Iowa State University.
10
 
The L1-English L2-Spanish bilinguals’ proficiency in Spanish was assessed with a 50-
item test combination of the MLA Cooperative Language Text (Spanish Embassy, Washington, 
DC, USA) and the Diploma de Español como Lengua Extranjera (Educational Testing Service, 
Princeton, NJ, USA). This is a 50-item multiple choice test; the first 30 questions focused on 
lexical information, while the last 20 question were centered on grammatical aspects of the 
language. The Spanish proficiency test can be found in Appendix D. 
Moreover, participants in this group completed a LexTALE task in Spanish that we 
created at the University of Kansas in collaboration with Drs. Kristin Lemhöfer and Mirjam 
Broersma. The test contains a total of 120 trials (80 real words and 40 nonce words) and the 
words selected for the test have the same characteristics as those used in the English version (part 
of speech, average lemma frequency, and average orthographic length).
11
 All Spanish words 
contained the proper diacritics. The test was implemented and the results analyzed as described 
for the English LexTALE. The Spanish version of LexTALE, including the instructions used, is 
included in Appendix E. As with the previous group of participants, using both measures of 
proficiency allowed us to create a composite proficiency score that would provide a global 
estimate of both proficiency and vocabulary size in Spanish, and using written proficiency tests 




 All the analyses were run with and without these four participants, but the statistically significant effects remained 
the same. Thus, all the results reported in this dissertation included these four participants. 
11
 The Spanish test is longer than the English test for piloting purposes; ultimately, the number of test items will be 
reduced so that the Spanish LexTALE matches the English LexTALE (we are currently collecting data that will 
allow us to determine the best words to keep in the final version).  
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allowed us to avoid the potential circularity of using test that targets the same outcome as that 
tested in the main experiments.  
All participants filled out a short language background questionnaire, providing relevant 
biographical and language learning information. As reported in Table 2, on average participants 
started learning Spanish after the age of 14 (thus, a bit later than the participants in the L1-
Spanish L2-English group), had studied Spanish for an average of 8.1 years, and lived in a 
Spanish-speaking country for an average of 11 months (again, differences emerge between the 
two groups). This language-background information is consistent with the fact that the L1-
English L2-Spanish bilinguals scored in the mid-to-high range on our composite proficiency 
measure. These participants were also very familiar with the experimental items (both the 
competitor Spanish-English cognate words and non-cognate Spanish target words) used in the 
main experiments.
12
 As was the case of the L1-Spanish L2-English group, the L1-English L2-
Spanish bilinguals’ lexical familiarity correlated with their proficiency scores.
13
 The word 
familiarity task can be found in Appendix F (the translation of the different levels of familiarity 
is the same as that in English reported in Appendix C). 
 
 




 Recall that stress placement in Spanish is highly regular and predictable, and it follows abstract, complex stress 
assignment rules (Harris, 1969). For nouns, stress falls on the last syllable if it ends with a consonant other than [n] 
or [s], and otherwise on the penultimate syllable (Harris, 1969). This means that, even if a participant is not familiar 
with the word, he/she is still expected to be able to use stress in word recognition and production given the regularity 
of stress placement in Spanish. 
13
 As the models with the averaged proficiency score better explained the experimental data obtained, in this 
dissertation we report only the results with the averaged proficiency score as individual difference variable. 
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Table 2: Background Information, L1-English L2-Spanish Group 
 Age of 
acquisition 











Mean 14.1 8.1 11 73.5% 4.2 
SD 3.4 3.8 16.9 14.1% 0.7 
Min 9 1 0 39.4% 2.6 
Max 21 16 85 93.1% 4.9 
 
 
The information provided in Tables 1-2 makes it clear that the two groups of participants 
tested are ultimately not comparable (they differed in both their L2 proficiency scores and their 
L2 experience). Thus, as previously mentioned, the results of the three experiments will be 




Chapter 5: Experiment 1: Spanish-Only Visual-World Eye-Tracking Study 
 
5.1 Introduction 
As described in earlier chapters of this dissertation, bilinguals activate words in both of 
their languages even when they intend to use only one language (e.g., Blumenfeld & Marian, 
2011; Canseco-Gonzalez et al., 2010; Desmet & Duyck, 2007; Dijkstra, 2005; Marian & Spivey, 
2003; Schulpen, Dijkstra, Schriefers, & Hasper, 2003; Weber & Cutler, 2004). This finding is 
consistent with the nonselective hypothesis of bilingual activation: Lexical representations in 
both language systems are automatically activated, even in circumstances where the unintended 
language is not explicitly used (for a review, see Kroll et al. (2012)).  
Experiment 1 aimed to answer our first research question: Does lexical stress modulate 
the degree of cross-language activation that L1-Spanish L2-English and L1-English L2-Spanish 
bilinguals listeners in a monolingual language mode experience in comprehension? By 
answering this question, Experiment 1 sought to confirm that bilingual activation would be 
observed even in a situation where bilinguals are expected to function in only one of their two 
languages (Spanish in this case)—that is, even when bilinguals are in a monolingual language 
mode—in line with the nonselective hypothesis of bilingual activation. Furthermore, Experiment 
1 sought to confirm that intermediate-to-advanced English-speaking L2 learners of Spanish 
could indeed use suprasegmental cues to stress during online word recognition, at least when the 
competitor word is not a Spanish-English cognate, in line with the results of Martínez-García et 
al. (n.d.).  
Experiment 1 uses the visual-world eye-tracking paradigm to assess the degree of cross-
language interference caused by Spanish-English cognates in the recognition of Spanish target 
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words. In doing so, this experiment examined whether the recognition of Spanish words would 




The experimental items included a total of 32 Spanish trisyllabic nouns with regular 
stress placement in one of two competitor conditions. Following the Spanish stress rule, the 
target was always the word with stress on the penultimate syllable (e.g., asado ‘roasted’, or 
materia ‘matter/subject’), and this target was presented on the screen together with a possible 
competitor (one competitor at a time; the two possible competitors were never seen in the same 
display). In the stress mismatch condition (experimental condition), the competitor was a word in 
which the first two syllables were segmentally identical to but suprasegmentally different from 
the target word, with the competitor word ending with a consonant other than /n/ or /s/ and thus 
having word-final stress (e.g., asador ‘rotisserie’, or material ‘material’). If stress is used 
incrementally to constrain lexical access, the target and competitor words in this condition 
should be disambiguated as early as the second syllable given that the target, but not the 
competitor, was stressed in this position. In order to determine whether stress is used to constrain 
lexical access as soon as it is perceived, a second competitor condition, the stress match 
condition, was created. In this stress match condition (control condition), the target and 
competitor words also differed in the last segment (e.g., asados ‘roasted (pl)’, or materias 
‘matter/subject (pl)’) but had the same stress pattern (penultimate).  
Given that the competitor word with the same stress pattern was always semantically 
related to the target (its plural form), we included only target words for which both competitors 
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were semantically related to the target. In this case, semantic relatedness should not bias lexical 
activation in one competitor condition more than in the other. Comparing the levels of 
competition between these two conditions would allow us to examine the moment-by-moment 
processing of Spanish stress. If stress is used incrementally to disambiguate between words that 
are temporarily ambiguous at the segmental level, then only in the stress mismatch condition 
should the target and competitor words be disambiguated as early as the second syllable, with 
participants showing less lexical competition in the stress mismatch condition than in the stress 
match condition. If stress is not used to constrain lexical access, then the two conditions should 
elicit a similar amount of lexical competition, as both target and competitors would be 
disambiguated upon reaching the last syllable. 
Crucially, this experiment was designed to test whether the moment-by-moment 
processing of stress would be modulated by the presence of a Spanish-English cognate 
competitor whose English pronunciation matched the Spanish target in stress. Half of the 32 
experimental items belonged to a non-cognate condition, with none of the words on the screen 
being a Spanish-English cognate. The remaining half belonged to the Spanish-English cognate 
condition, with the English stress of the critical competitor word matching that of the Spanish 
target.
14
 For example, as described earlier, the stress patterns of the words materia 
(‘matter/subject’) and material differ in Spanish (second vs. third syllable stress). However, the 
Spanish word material is also a word in English, but with second syllable stress in English (same 
stress pattern as the target materia in Spanish). It was thus expected that these orthographic 




 Note that for many test items in the cognate condition, the target was a pseudo-cognate (i.e., its form and meaning 
overlapped to some degree between the two languages). It was not possible to avoid pseudo-cognates given the 
limited number of Spanish words that overlap in their first two syllables but that differ in stress. 
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cognates would activate both Spanish and English pronunciations and thus both stress patterns 
(third syllable in Spanish, second syllable in English), with participants needing to inhibit the 
non-target stress pattern (i.e., the English stress pattern) to correctly recognize the Spanish target 
word as early as in the second syllable. An example test item for the non-cognate condition is 
shown in Table 3 and for the cognate condition in Table 4. The experimental items can be found 
in Appendices G and H for the non-cognate condition and in Appendices I and J for the cognate 
condition. 
 
Table 3: Example Stimuli in the Non-Cognate Condition, Experiment 1 
 Stress-mismatch (experimental) 
condition 
Stress-match (control) condition  
Auditory 
Stimulus 





























Table 4: Example Stimuli in the Cognate Condition, Experiment 1 
 Stress-mismatch (experimental) 
condition 
Stress-match (control) condition  
Auditory 
Stimulus 






















In summary, the stress match and mismatch conditions served the purpose of evaluating 
the degree to which listeners use stress in lexical access. The non-cognate and cognate conditions 
served the purpose of evaluating whether cognates, whose stress pattern in English matches the 
Spanish target, cause an increase in lexical competition. 
The log frequency of the target and competitor words was obtained using the subtitle 
token corpus in EsPal (Duchon, Perea, Sebastián, Martí, & Carreiras, 2013), provided by the 
Basque Center on Cognition, Brain and Language. In the non-cognate condition, competitor 
words in the two stress conditions (stress match and stress mismatch) were not statistically 
different in either frequency (t(30)<|1|) or length (they had the same average length). The same 
was true of the competitor words in the cognate condition (frequency (t(30)=1.21, p>.05) and 
length (t(30)<|1|)). It was also the case that in the stress mismatch condition, the non-cognate and 
cognate competitors did not differ statistically in either frequency (t(30)=–1.92, p>.05) or length 
(t(30)=–1.05, p>.05); similarly, in the stress match condition, the non-cognate and cognate 
competitors did not differ significantly in either frequency (t(30)<|1|) or length (t(30)<|1|). The 
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The target and competitor words were presented orthographically on the screen, together 
with two distracter items. These distracter words were created such that the number of plural and 
singular nouns and the number of heavy vs. light final syllables in the singular form would be 
balanced.
16
 For example, in the stress match condition, target and competitor words such as 
asado-asados ‘roast (singular and plural)’ would be presented with distracter words such as 
camisón and camisones ‘nightshirt (singular and plural)’). The distracter words followed the 
same structure as the experimental items: Their first two syllables were segmentally identical but 
differed in stress pattern. Distracter words did not overlap in form or meaning with the target and 
competitor words, and all of them were words in Spanish. Even though some of the distracter 
words were also pseudo-cognate in English and Spanish (e.g., camisón and camisole), this is not 
expected to cause any problem in the current study, because these words did not overlap in form 
or meaning with the target word heard in the speech signal; if anything, the pseudo-cognate 
status of some of the distracter words may have helped reduce participants’ bias towards the 
Spanish-English cognate competitor. The distracters created for the non-cognate and cognate 
conditions are provided in Appendices E to H. 




 It was not possible to match the frequency of the target and each of the competitors, because words stressed on the 
penultimate syllable (that is, the target words in this study) tend to be more frequent than words with final stress. 
This should not pose any problems, in that fixations to the target word were never compared to fixations to the 
competitor word; instead, it was fixations to the two types of competitors that were compared. 
16




This experiment also included 96 filler trials. The filler items followed the same design as 
that described for the experimental items: Each display contained a word that in the singular 
form had a light final syllable (penultimate stress), a word in the plural form whose singular form 
also ended with a light final syllable (penultimate stress), a singular word with a heavy final 
syllable (final stress), and a plural word whose form in the singular had a heavy final syllable 
(third syllable stress). However, the filler items differed from the experimental items in that the 
target word was always a word other than the singular word with the final light syllable. The 
filler target words were also presented with different competitor types, with the whole 
experiment being balanced for the number of times each type of word (singular vs. plural, light 
vs. heavy final syllable) was the target in the auditory stimuli. Moreover, filler trials in which the 
target word was a Spanish-English cognate were also included. Thus, throughout the experiment, 
participants could not use strategies to figure out which of the four words would be the target 
word prior to hearing the target word. Appendix K provides the complete list of filler items for 
Experiment 1. 
All nouns exhibited the appropriate Spanish diacritics. Spanish marks irregular stress 
placement with the use of diacritics (e.g., camisón ‘nightshirt’ which should have penultimate 
stress placement according to the Spanish stress rule). However, as none of the experimental 
items included irregularly stressed nouns, participants could not use this as a cue to know where 
stress fell in the critical items. Two different lists were used such that each participant would see 
each target with only one competitor type (e.g., participants assigned to List 1 would see asado-
asados ‘roast (singular and plural),’ whereas participants assigned to List 2 would see asado-
asador ‘roast-rotisserie’). Each list contained 16 experimental items in the non-cognate condition 
(8 with a stress match competitor and 8 with a stress mismatch competitor) and 16 experimental 
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items in the cognate condition (8 with a stress match competitor and 8 with a stress mismatch 
competitor). 
The auditory stimuli were recorded by a female native speaker of Castilian Spanish (from 
Galicia, in northwest Spain) using an Electro-Voice N/D 767 cardioid microphone and a Marantz 
Portable Solid State Recorder (PMD 671) in the anechoic chamber at the University of Kansas, 
Lawrence. Tokens were recorded in isolation to try to avoid coarticulatory effects. Each token 
was repeated twice, with a long pause in between repetitions. 
 
5.3 Procedure 
This experiment was conducted during participants’ first visit to the lab. Participants 
were comfortably seated in an isolated room facing a computer screen. Participants completing 
the experiment at the University of Valencia had their eye movements recorded by a desktop-
mounted Eyelink 1000 (www.sr-research.com) at a sampling rate of 1000 Hz (eye-movement 
information was recorded every millisecond). Participants completing the experiment at the 
University of Kansas had their eye movements recorded by a head-mounted Eyelink II (www.sr-
research.com) at a sampling rate of 250 Hz (eye-movement information was recorded every 4 
milliseconds). In both cases, participants wore headphones, and they were seated at 
approximately 23 inches from the computer screen.  
Each trial was structured as follows: Participants first saw the four orthographic words 
for 4,000 ms, which they were instructed to silently read. The words then disappeared, and a 
fixation cross appeared and stayed on the screen for 500 ms. As the fixation point disappeared, 
the same four words reappeared on the screen and participants simultaneously heard the target 
word through headphones. Participants were asked to click on the word that matched the acoustic 
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input as quickly and accurately as possible. A visual representation of the procedure followed in 
each trial is presented in Figure 4.  
 
 
Figure 4: Visual Example of a Trial in Experiment 1 
 
Each session began with four practice trials. The practice items followed the same 
structure as the experimental items described in the previous section. No feedback was provided 
during the practice session. This short practice session allowed participants to become familiar 
with the experimental procedure. The actual experiment began right after the practice session. 
The experiment (including the practice session) consisted of 132 trials presented in four 
different blocks. Each block contained eight experimental trials (four in the non-cognate 
condition and four in the cognate condition) and 24 filler trials. The position of the target and 
competitor words in the display and the order of the test items (experimental, filler) were 
randomized across trials. 
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5.4 Data Analysis 
Fixations were included in the analysis only if participants selected the target or 
competitor word as their response (as determined by their mouse clicks). Including fixations in 
which participants selected the competitor is warranted on the grounds that the stress and cognate 
status manipulations were intended to modulate the degree of lexical competition that bilingual 
listeners experienced, and trials with competitor selection were trials in which participants 
indeed experienced a larger degree of lexical competition. Of all the trials included in the 
analysis, only 9 trials for the L1-Spanish L2-English group (or 0.005% of the data) and 5 trials 
for the L1-English L2-Spanish group (or 0.003% of the data) were trials in which participants 
clicked on the competitor word, and the majority of these trials were indeed from the stress-
match condition (7/9 for the L1-Spanish L2-English group; 4/5 for the L1-English L2-Spanish 
group), where participants were expected to show more lexical competition. In this experiment, 
participants always selected either the target or competitor word, so all fixations were ultimately 
included in the analysis.  
Participants’ eye fixations were analyzed as follows. Eye movements in each of the four 
regions of interest (corresponding to the four orthographic words) were analyzed from 0 to 1,500 
ms. Given that it takes approximately 200 ms. for listeners to program and launch an eye 
movement (Hallett, 1986), statistical analyses were conducted on eye movements recorded after 
200 ms of the target-word onset. Proportions of fixations to the target and competitor words were 
averaged within two time windows: A pre-disambiguation time window corresponding to the 
first two syllables of the target word (e.g.  mate-, lite-), with a delay of 200 ms to account for the 
time it takes eye movements to reflect speech processing (on average from 200 ms to 430 ms, 
with the time window offset being calculated on an item-by-item basis); and a post-
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disambiguation time window corresponding to the rest of the trial up until 1,500 ms (on average 
from 430 ms to 1,500 ms, with the time window onset being calculated on an item-by-item 
basis). “Disambiguation” thus refers to the point in time at which the target and competitor 
differed segmentally. The averages in fixations for each time window were computed on an item-
by-item basis. Eye fixations in the first time window will reveal whether listeners show 
sensitivity to the manipulated factors before the target and competitor word disambiguate 
segmentally in the signal.  
Statistical analyses were conducted on the log-odd-transformed difference between the 
averaged proportions of fixations to the target and the averaged proportions of fixations to the 
competitor (for each time window). Using this difference measure (rather than proportions of 
fixations) factors out differences in relative speed with which both target and competitor words 
are fixated over distracter words, thus better reflecting the lexical activation process, and also 
making the comparison between the different conditions more straightforward. Linear mixed-
effects models were conducted on these differences using the lme4 package of R (for discussion, 
see Baayen (2008)). The models were conducted on these differences in target and competitor 
fixations separately for each time window, examining the effect of stress condition (stress match 
vs. stress mismatch, with stress match as the baseline), cognate status (non-cognate vs. cognate, 
contrast coded as, respectively, 0.5 and –0.5), proficiency (arcsine transformed and centered), 
and all two- and three-way interactions. Different models were run for the two groups (L1-
Spanish L2-English and L1-English L2-Spanish bilinguals), because the two groups were not 
sufficiently well matched in their L2 proficiency and L2 experience for a direct comparison of 
the two groups to be interpreted straightforwardly. For each dataset, the effect of each predictor 
was assessed using log-likelihood tests comparing models with and without that predictor; in 
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each case, the simplest model with the best fit was kept. All models included participant, test 
item, and list as crossed random variables. 
 
5.5 Predictions 
This experiment examined whether L1-Spanish L2-English and L1-English L2-Spanish 
bilinguals would experience interference from Spanish-English cognate competitors that, in 
English, have the same stress placement as the Spanish target word, even if English was not used 
in the experiment. This experiment also investigated whether L1-Spanish L2-English and L1-
English L2-Spanish listeners could use stress when recognizing non-cognate Spanish target 
words.  
The moment-by-moment processing of stress was evaluated by comparing the effects of 
the two competitor types (stress match vs. stress mismatch). If stress is used online to constrain 
lexical access, lower proportions of target fixations and higher proportions of competitor 
fixations should be found in the stress match condition as compared to the stress mismatch 
condition. This would indicate that listeners could use stress cues as early as the second syllable 
to disambiguate between the target and competitor words (since these two words differ 
suprasegmentally). If the results found in Martínez-García et al. (n.d.) hold for eye-tracking data 
(they should), we should find that L1-Spanish L2-English and L1-English L2-Spanish bilinguals 
pattern similarly, indicating that they can use stress as a cue for word recognition, at least in the 
non-cognate condition. In addition to an effect of stress, we expect an interaction between stress 
(match vs. mismatch) and cognate status (cognate vs. non-cognate), such that the effect of stress 
should be greater in the non-cognate condition as compared to the cognate condition, and the 
effect of cognate should be greater in the stress mismatch condition than in the stress match 
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condition. This prediction stems in part from the literature showing evidence of cross-language 
activation (for a review, see Kroll et al. (2012)).   
 
5.6 Results 
This section begins with a description of the results found for the L1-Spanish L2-English 
group, with the results for the pre- and post-disambiguation time windows reported separately.  
 
5.6.1 L1-Spanish L2-English Group 
Figure 5 presents the L1-Spanish L2-English listeners’ proportions of target (solid lines), 
competitor (dashed lines), and distracter (dotted lines) fixations in the stress match (red) and 





Figure 5: Proportion of Fixations, L1-Spanish L2-English group, Experiment 1 
 
Since statistical analyses were conducted on the differences between proportions of target 
fixations and proportions of competitor fixations, the L1-Spanish L2-English listeners’ fixations 
are also plotted as such. Figure 6 presents these differences in fixations in the stress match (red) 
and stress mismatch (black) conditions, separately for the non-cognate and the cognate 





Figure 6: Difference between Target and Competitor Fixations, L1-Spanish L2-English Group, Experiment 1 
 
5.6.1.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model on L1-Spanish L2-English 
group’s difference in fixations included stress (match vs. mismatch), cognate status (non-cognate 
vs. cognate), and proficiency as fixed factors, as well as the two-way interaction between 




Table 5: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Pre-Disambiguation Time Window, 
Experiment 1 
Variable  Estimate (SE) t p 
(Intercept)  0.03 (.004) 6.65 <.001 
Stress    0.002 (.003) <|1| >.1 
Cognate Status   0.001 (.003) <|1| >.1 
Proficiency    0.03 (.03) 1.05 >.1 
Cognate Status x Proficiency   –0.03 (.02) –1.19 >.1 
Note: df = 1504; α = .05 
 
The model summarized in Table 5 revealed no significant effect or interaction in this first 
time window. This indicates that, when the signal was segmentally ambiguous (but differed in 
terms of stress placement) between the target and competitor word, the L1-Spanish L2-English 
participants did not make use of stress to disambiguate between the two competing words, nor 
were they affected by the presence of a Spanish-English cognate word with interfering stress 
pattern in their L2. 
 
5.6.1.2 Post-Disambiguation Time Window 
For the post-disambiguation time window,
17
 the best model for the L1-Spanish L2-
English group’s difference in fixations included stress (match vs. mismatch), cognate status 




 The post-disambiguation time window included a window ranging from the end of the second syllable to 1,500 ms 
post target-word onset. In this analysis, as well as in those reported later on in the dissertation, different results may 
have been obtained if a smaller post-disambiguation time window had been chosen (e.g., looking only at the effects 




(non-cognate vs. cognate), and proficiency as fixed factors, as well as the two-way interaction 
between proficiency and stress. Table 6 presents the results of this model. 
 
Table 6: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Post-Disambiguation Time Window, 
Experiment 1 
Variable  Estimate (SE) t p 
(Intercept) 0.57      (.03) 16.25 <.001 
Stress 0.04      (.02) 2.44 <.02 
Cognate Status 0.07      (.28) <|1| >.1 
Proficiency –0.02      (.02) –1.38 >.1 
Stress x Proficiency 0.22      (.16) 1.39 >.1 
Note: df = 1504; α = .05 
 
The model summarized in Table 6 revealed only a main effect of stress condition. This 
indicates that, right after the point in time at which the speech signal disambiguates segmentally 
between the target and competitor word, the L1-Spanish L2-English participants showed a larger 
difference between target and competitor fixations (indicating less lexical competition) in the 
stress mismatch condition than in the stress match condition. This pattern of results indicates that 
our participants showed sensitivity to Spanish stress and used it in lexical access, though not 
predictively. However, these listeners were not affected by the presence of a Spanish-English 
cognate word with an interfering stress pattern in their L2. 
 
5.6.2 L1-English L2-Spanish Group 
Figure 7 presents the L1-English L2-Spanish listeners’ proportions of target (solid lines), 
competitor (dashed lines), and distracter (dotted lines) fixations in the stress match (red) and 





Figure 7: Proportion of Fixations, L1-English L2-Spanish Group, Experiment 1 
 
Since statistical analyses were conducted on the differences between proportions of target 
fixations and proportions of competitor fixations, the L1-English L2-Spanish listeners’ fixations 
are also plotted as such. Figure 9 presents this difference in the stress match (red) and stress 
mismatch (black) conditions, separately for the non-cognate and cognate conditions. Again, the 





Figure 8: Difference between Target and Competitor Fixations, L1-English L2-Spanish Group, Experiment 1 
 
5.6.2.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model for the L1-English L2-Spanish 
group’s difference in fixations included stress (match vs. mismatch), cognate status (non-cognate 
vs. cognate), and proficiency as fixed factors, as well as the two-way interaction between 




Table 7: Mixed-Effects Linear Model Results, L1-English L2-Spanish Group, Pre-Disambiguation Time Window, 
Experiment 1 
Variable  Estimate (SE) t p 
(Intercept) –0.02       (.09) –2.15 <.001 
Stress 0.15       (.09) 1.58 >.1 
Cognate Status –0.04       (.02) –1.84 <.06 
Proficiency 0.23       (.09) 2.41 <.05 
Stress x Proficiency –0.21       (.11) –1.94 <.052 
Note: df = 1280; α = .05 
 
The model summarized in Table 7 revealed a marginal effect of cognate status, a main 
effect of proficiency, and a marginal interaction between stress and proficiency. The marginal 
effect of cognate status suggests a trend for L1-English L2-Spanish participants to show a 
smaller difference between target and competitor fixations (indicating more lexical competition) 
in the non-cognate condition than in the cognate condition for the stress match items (the 
baseline). Given the lack of interaction between stress and cognate status, this means the simple 
effect of cognate can also be generalized to the stress mismatch items. The main effect of 
proficiency indicates that the L1-English L2-Spanish listeners showed a larger difference in 
fixations (indicating less lexical competition) as their proficiency in Spanish increased. Finally, 
the interaction between stress and proficiency, illustrated in Figure 8, indicates that proficiency 
modulated lexical activation only in the stress match condition. As a result, the effect of stress 
also decreased as listeners’ Spanish proficiency increased.  
These pre-disambiguation time window results indicate that only the lower-proficiency 
L1-English L2-Spanish listeners could make use of stress to disambiguate between the target and 
competitor words. L1-English L2-Spanish listeners were also affected by the presence of a 
Spanish-English cognate word, but that effect was true of both the stress match and stress 
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mismatch conditions, suggesting that the target and competitor words were disambiguated more 
rapidly in the cognate condition than in the non-cognate condition.  
 
 
Figure 9: Interaction between Stress and Proficiency, L1-English L2-Spanish group, Experiment 1 
 
5.6.2.2 Post-Disambiguation Time Window 
For the post-disambiguation time window, the best model on the L1-English L2-Spanish 
group’s difference in fixations included stress (match vs. mismatch), cognate status (non-cognate 
vs. cognate), and proficiency as fixed factors, as well as the two-way interaction between 



























































Table 8: Mixed-Effects Linear Model Results, L1-English L2-Spanish Group, Post-Disambiguation Time Window, 
Experiment 1 
Variable  Estimate (SE) t p 
(Intercept) 0.1       (.11) <|1| >.1 
Stress 0.12     (.06) 1.87 <.06 
Cognate Status –0.02     (.02) –1.2 >.1 
Proficiency 0.24     (.13) 1.83 <.07 
Stress x Proficiency –0.03     (.09) <|1| >.1 
Note: df = 1208; α = .05 
 
The model summarized in Table 8 revealed only two marginal effects: a marginal effect 
of stress and a marginal effect of proficiency. The marginal effect of stress suggests a trend for 
L1-English L2-Spanish participants to show a larger difference between target and competitor 
fixations (indicating less lexical competition) in the stress mismatch condition than in the stress 
match condition. The marginal effect of proficiency suggests a trend for participants to show a 
larger difference between target and competitor fixations (indicating less lexical competition) as 
their proficiency in Spanish increased. This pattern of results indicates that L1-English L2-
Spanish participants showed a trend towards using stress in the recognition of Spanish words 
after the segmental disambiguation of the speech signal. Furthermore, in the post-disambiguation 
time window, they were no longer affected by the presence of a Spanish-English cognate word 
on the screen. 
 
5.7 Discussion and Conclusion 
The main objective of Experiment 1 was to determine whether stress differences between 
Spanish-English orthographically identical cognates would trigger the activation of the English 
stress pattern in a task where only Spanish was heard, and whether (and if so, how) L2 
76 
 
proficiency would modulate this cross-language activation. This experiment thus sought to 
provide additional evidence for the nonselective hypothesis of bilingual lexical activation, which 
claims that cross-language activation occurs even when bilinguals are in a bilingual language 
mode. 
We predicted an interaction between stress (match vs. mismatch) and cognate status 
(non-cognate vs. cognate), such that the effect of stress would be greater in the non-cognate 
condition than in the cognate condition, and the effect of the cognate status would be greater in 
the stress mismatch condition than in the stress match condition. However, the only effect 
involving cognate status that was found was a marginal effect of cognate status for the L1-
English L2-Spanish group in the pre-disambiguation time window, indicating that this group 
showed greater differential proportions of fixations in the cognate condition than in the non-
cognate condition, irrespective of the stress pattern of the competitor word in Spanish (match, 
mismatch).  
Thus, one question that arises is why we did not find an interaction between stress and 
cognate status. When activating the English pronunciation of the cognate, listeners activated not 
only the stress pattern (and the corresponding suprasegmental correlates) of the English word, 
but also the segmental makeup of the English word, including instances of vowel reduction in the 
English pronunciation of these words. For example, the word material in English contains a 
reduced vowel in the first syllable; listeners may thus have activated this reduced vowel in the 
first syllable of the English competitor word. One possibility is that by the time L1-English L2-
Spanish listeners heard the second syllable of the Spanish target word (where the stress 
manipulation would produce the cross-language interference), they already had enough 
segmental information to help them reduce the level of activation (and thus, of interference) from 
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English (i.e., the Spanish target, e.g., materia, does not have a reduced vowel in its first syllable). 
If listeners tuned in to segmental information more than to suprasegmental information, hearing a 
full vowel in the first syllable of the Spanish target might be enough to decrease lexical 
competition from the English competitor word, potentially eliminating the interaction that was 
predicted for this study. Since the majority of unstressed syllables are reduced in English, this is 
not something that could be controlled for. 
The present study found differences in the degree of lexical competition that cognates 
and non-cognates create. Many studies have shown that cognates and non-cognates are processed 
differently in comprehension (e.g., de Groot, 1992; Lalor & Kirsner, 2001; Lemhoefer, Dijkstra, 
& Michel, 2004; Sánchez-Casas, García-Albea, & Davis, 1992, among others). These studies 
have reported that cognates are generally recognized more rapidly and more easily because they 
receive more activation due to their existence in the bilingual’s two languages (see Desmet & 
Duyck, 2007, for a review). Similar results were found in the current study. In the cognate 
condition, the competitor word was the only word that had all of its orthography consistent with 
both Spanish and English, but many of the target words were nonetheless pseudo-cognates: 
Some of their orthography was shared between the two languages (e.g., materia ‘matter’).  It is 
thus not surprising that the competition between the target and competitor words was resolved 
more rapidly in the cognate condition than in the non-cognate condition. Assuming that cognates 
and pseudo-cognates receive a greater level of activation due to overlap in the bilingual’s two 
languages, they should indeed be recognized more rapidly than non-cognates.  
Findings of cross-language activation in the bilingual lexical processing literature have 
been reported for different language combinations (Canseco-Gonzalez et al., 2010; Cutler et al., 
2006; Ju & Luce, 2004; Marian & Spivey, 2003a; Mercier, Pivneva, & Titone, 2014; Spivey & 
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Marian, 1999; Weber & Cutler, 2004). In most of these studies, the size of this cross-language 
effect varied based on several factors, such as whether the task was conducted in the L1 or L2 
(i.e., Marian & Spivey, 2003a), listeners’ proficiency in both languages, and their frequency of 
use of both languages (Blumenfeld & Marian, 2011; Canseco-Gonzalez et al., 2010; Mercier, 
2013). It is likely that the target and competitor words were disambiguated more rapidly in the 
cognate condition than in the non-cognate condition for the L1-English L2-Spanish listeners but 
not for the L1-Spanish L2-English listeners due to the differential strengths of lexical activation 
in L1 Spanish as compared to L2 Spanish. In order to understand this difference, we need to look 
at the characteristics of each group of participants. On the one hand, the L1-Spanish L2-English 
group was formed with native speakers of Spanish who lived in Spain at the time of the 
experimental testing and who had an intermediate level of proficiency in English; hence, these 
speakers were dominant in Spanish. On the other hand, the L1-English L2-Spanish were native 
speakers of English, living in Kansas at the time of testing, with an intermediate-to-advanced 
level of proficiency in Spanish, but still dominant in English. It seems that more cross-language 
interference was found when the unintended language was the dominant (here, native) language 
(L1-English L2 Spanish) than when it was the non-dominant (here second) language (L1-Spanish 
L2 English).  
One limitation of the current study is that L1-Spanish L2-English listeners’ knowledge of 
English stress was not assessed. We controlled for L1-Spanish L2-English listeners’ familiarity 
with the test items; however, knowing the word does not necessarily entail knowing exactly 
where stress falls in that word (given how irregular stress placement is in English, at least as 
compared to Spanish). It is possible that the L1-Spanish L2-English bilinguals did not show an 
effect of stress interference because they did not know where stress should fall in the English 
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words used in the current study. Further research should assess bilinguals’ knowledge of stress 
placement in the L2 when stress is irregular and cannot be easily predicted on the basis of the 
phonological and morphological structure of the word.  
This experiment also examined whether mid-to-high proficiency English-speaking 
learners of Spanish (and native Spanish listeners) can use stress to recognize Spanish words. An 
open question in the literature had been whether English-speaking L2 learners of another 
language with word-level stress (e.g., Spanish) could shift their reliance from primarily 
segmental cues (vowel reduction) to suprasegmental cues when recognizing words differing in 
stress. Previous studies had indicated that native speakers of English could indeed rely just on 
suprasegmental information, at least to some degree, when processing their native language 
(Cooper et al., 2002). In a more recent study using an offline task, it was shown that English-
speaking L2 learners of Spanish can learn to use suprasegmental cues to stress also in Spanish 
(Martínez-García et al., n.d.). With this experiment, we extended these findings and showed that 
English-speaking L2 learners of Spanish can also exploit these suprasegmental cues to stress in 
Spanish during an online task, at least at lower ends of the proficiency continuum.  
The results of the L1-English L2-Spanish group showed greater target activation in the 
stress match condition as proficiency increased. One might instead expect proficiency to 
influence target activation in the mismatch condition, reflecting Spanish learners’ increased 
ability to use stress in word recognition as a higher proficiency in Spanish. One possible 
explanation of these results is that with increasing proficiency in Spanish, L1-English L2-
Spanish listeners may become better able to use fine-grained acoustic information to distinguish 
between the target and competitor words in the stress match condition (i.e., the singular form of 
the target word and the plural form of the same word as competitor) before the actual 
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disambiguation. That is, small differences in the segmental properties of the first two syllables of 
the target and competitor words might provide subtle cues to disambiguation that more proficient 
learners of Spanish might be better able to pick up. However, a detailed acoustic examination of 
the same singular and plural nouns could not be undertaken in the present study since the 
experimental target words were recorded only in their singular form. This is a question that 
therefore remains open for further research. Note that since the distribution of singular and plural 
words was counterbalanced throughout the experiment (in auditory stimuli as well as in the 
display), it is unlikely that more proficient L1-English L2-Spanish listeners’ enhanced 
performance in the stress match condition can be attributed to their improved ability to anticipate 
trials that have a singular target rather than a plural target.  
A surprising finding of this study is that the L1-Spanish L2-English listeners did not use 
stress predictively to recognize Spanish target words. In theory, the late effect of stress could 
reflect lexical integration rather than early stages of word activation. Accordingly, the processing 
system would process segmental and suprasegmental information incrementally, but it would 
need to resort to lexical hypothesis formation prior to making any phonetic decision, in line with 
Klatt’s proposal (Klatt, 1979). What this process would imply for the current study is that L1 
Spanish listeners could detect stress differences in the input but use them only once they 
accessed their mental lexicon and found that the input matches their existing lexical entry. The 
main problem with this argumentation, however, is that L1-English L2-Spanish listeners did 
show evidence of making early use of stress prior to segmental disambiguation, as suggested by 
the stress-by-proficiency interaction they displayed in the pre-disambiguation time window. 
Since English is not a language that makes greater use of suprasegmental information than 
Spanish (cf. Soto-Faraco et al., 2001, vs. Cooper et al., 2002), a lexical integration account of 
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L1-Spanish L2-English listeners’ results would leave unexplained the L1-English L2-Spanish 
listeners’ results. It therefore seems more prudent to conclude that the L1-Spanish L2-English 
bilinguals did not show early use of stress information for other, likely methodological, reasons 
that should be explored in further research. 
In conclusion, the findings of Experiment 1 indicate that L1-English L2-Spanish 
bilinguals show evidence of activating the L1 (as suggested by the cognate effect) even when 
nothing in the acoustic input or in the testing session made them think that they should be 
activating English words—that is, even when they were closer to the monolingual end of the 
language mode continuum. Moreover, the findings of Experiment 1 provided evidence that 
English-speaking L2 learners of Spanish could use stress in the recognition of Spanish words. 
Experiments 2 and 3, described in detail in the following two chapters of this dissertation, 
investigated whether L2 proficiency and language bias modulate the degree of cross-language 
activation (from stress interference) that bilingual listeners in a bilingual language mode 






Chapter 6: Experiment 2: Spanish-English Visual-World Eye-Tracking Study 
 
6.1 Introduction 
Experiment 1 provided evidence of cross-language activation in language comprehension 
for L1-English L2-Spanish listeners in a monolingual language mode (effect of cognate), but 
there was no evidence indicating that stress modulates cross-language activation for either group. 
These results raise the question of whether stress would modulate cross-language activation in 
comprehension for listeners in a bilingual language mode. Thus, Experiment 2 was created to 
investigate whether L2 proficiency and language bias modulate the degree of cross-language 
activation (from stress interference) that bilingual listeners in a bilingual language mode would 
experience in comprehension, and whether (and if so, how) they interact. Previous studies have 
found that both L2 proficiency and language bias modulate cross-language activation in 
comprehension and that L2 proficiency also has an effect in word production (e.g., Costa et al., 
2000; Costa, Colomé, & Caramazza, 2000; Costa, Miozzo, & Caramazza, 1999; Costa et al., 
2006; Costa & Santesteban, 2004; Grosjean, 1998; Hoshino & Kroll, 2008; Marian & Spivey, 
2003a; Mishra & Singh, 2016; Rodriguez-Fornells et al., 2005; Silverberg & Samuel, 2004). 
However, it remains unclear whether these two factors interact, and whether (and if so, how) the 
influence of these two factors differ depending on whether bilinguals are performing a 
comprehension or a production task.  
The effect of language bias was investigated by manipulating the likelihood of 
occurrence of a particular language in the experiment. For this experiment, participants also 
completed a visual-world eye-tracking task in which they saw four orthographic words presented 
in the screen, heard one of those four words, and clicked on the corresponding word. However, 
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in this experiment, participants heard both Spanish words and English words: In the Spanish-bias 
condition, participants heard more Spanish words than English words; in the English-bias 
condition, participants heard more English words than Spanish words. In both conditions, the 
critical trials were Spanish trials. If language bias modulates cross-language activation, a larger 
degree of cross-language activation should be observed in the English-bias condition than in the 
Spanish-bias condition.  
Experiment 2 also used stress differences between Spanish and English words to 
investigate cross-language activation. The findings of Experiment 1 indicated that L1-Spanish 
L2-English and L1-English L2-Spanish listeners could use stress as a cue in word recognition. 
Hence, the second experiment no longer uses a stress match condition to assess listeners’ use of 
stress in word recognition. Instead, it focuses on the degree of interference of Spanish-English 
cognates by manipulating the stress placement of the English cognate word so that it coincides 
with or differs from that of the Spanish target. Thus, Experiment 2 was designed to determine 
whether L2 proficiency and language bias modulates cross-language activation (as evidenced by 
the degree of interference of Spanish-English with a different stress pattern) in L1-Spanish L2-
English and L1-English L2-Spanish comprehension of Spanish-English cognate words. 
 
6.2 Materials 
The stimuli of Experiment 2 were similar to those described in Chapter 5 for Experiment 
1. The experimental conditions of this second eye-tracking experiment included a total of 24 
Spanish trisyllabic nouns with regular stress placement always presented together with a 
competitor with a different stress pattern (as the stress mismatch competitor described in 
Experiment 1). As was the case with Experiment 1, the target in the experimental items was 
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always the word with stress on the penultimate syllable (e.g., litera ‘bunk bed’, or materia 
‘matter/subject’). Unlike Experiment 1, however, Experiment 2 included both Spanish and 
English trials, and was designed to determine how the greater likelihood of hearing one language 
over the other in the task influenced the moment-by-moment processing of Spanish targets in the 
presence of Spanish-English cognate competitors. The competitor words in this experiment 
included only Spanish-English cognates. To distinguish the effect of stress from the effect of 
cognate, half of the stimuli belonged to a stress-interference condition (where the stress pattern 
of the Spanish-English cognate competitor matches that of the Spanish target word), and the 
remaining half belonged to a no-stress-interference condition (where the stress pattern of the 
Spanish-English cognate competitor differed from that of the Spanish target word).  
The stimuli in the stress-interference condition were the same stress mismatch target and 
competitor words as those used in the cognate, stress-mismatch condition of Experiment 1. 
Recall that in this condition, the cognate competitor (e.g., material as competitor for the target 
materia) showed a mismatch in stress placement between the English word and the Spanish 
word: While the competitor word has final stress in Spanish, it has the same stress pattern as the 
Spanish target word in English. This experiment included this cognate, stress-mismatch 
condition as well as a condition where the cognate word had a stress pattern in English that 
should not create any interference with the recognition of the Spanish target word (this will be 
referred to as the no-stress-interference condition). For example, both the Spanish and the 
English pronunciation of the cognate competitor literal differs in stress from the Spanish target 
(literal is stressed on the third syllable in Spanish but on the first syllable in English). Thus, 
unlike competitor words in the stress-interference condition, those in the no-stress-interference 
condition are not expected to interfere as much with the recognition of the Spanish target word. 
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If the English pronunciation of the cognate competitor is activated, listeners may in fact 
distinguish the target from the competitor words as early as in the first syllable (where both 
languages already differ with respect to stress pattern). An example test item for the stress-
interference condition is shown in Table 9, and an example test item for the no-stress-
interference condition is shown in Table 10.  
 
Table 9: Example Stimuli in the Stress-Interference Condition, Experiment 2 

















Table 10: Example Stimuli in the No-Stress-Interference Condition, Experiment 2 
















As with Experiment 1, the log frequency of the target and competitor words was obtained 
using the subtitle token corpus in EsPal (Duchon et al., 2013), provided by the Basque Center on 
Cognition, Brain and Language. Target words in the two stress conditions did not differ 
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statistically in either frequency (t(22)=1.53, p>.05) or length (t(22)<|1|). A comparison of the 
competitor words in the two stress conditions yielded the same pattern, with no significant 
difference in either frequency (t(22)<|1|) or length (t(22)<|1|). All the experimental items are 
included in Appendices L and M.
18
 
Target and competitor words were presented orthographically on the screen together with 
two distracter items. These distracter words were created to mirror the structure of the 
experimental items. Specifically, distracters had the same phonological structure as the target and 
competitor words, but neither word was a Spanish-English cognate. The distracters also included 
a word in the singular form with penultimate stress (e.g., otoño ‘fall’) and a singular word with 
final stress (otoñal ‘autumnal’) in Spanish. Both distracter words were segmentally identical in 
their first two syllables but differed in stress pattern.
19
 All distracter words for the experimental 
items are included in Appendix L and M with the corresponding experimental items. 
Experiment 2 included 136 filler trials. The design of the filler items was similar to that 
described for the experimental items. In each case, there was always a Spanish target word 
(e.g., probador, materno) paired with a Spanish-English identical cognate (e.g., probable, 
maternal), with fillers being created such that half of the test items in the experiment had a target 
word with final stress and the other half had a target word with penultimate stress in Spanish. 
Importantly, in the filler trials, a Spanish-English cognate word was always the target word (half 




 As with Experiment 1, it was not possible to match the frequency of the target and each of the competitors. This 
should not be problematic, however, in that fixations to the target and fixations to the competitor will never be 
compared. 
19
 Since Experiment 2 did not have a stress match condition, where the Spanish competitor had the same stress 
pattern as the Spanish target word but in the plural form, it was not necessary to have plural distracter words in 




of them with final –CV syllable, as in probable, and the other half with –CVC final syllable, as 
in maternal), and it was heard either in Spanish or in English (as described in more detail in the 
next section). 
There were 40 filler trials in which the target cognate was a word ending in a light final 
syllable in Spanish (e.g., probable), and 96 filler trials in which the target was a word with a 
heavy final syllable in Spanish (e.g., maternal). More target words with a heavy final syllable 
were necessary as fillers in order to balance the number of times each type of stress pattern was 
heard by the participants throughout the experiment. Two distracter words, following the same 
structure as the one described for the target and competitor words, were also present on the 
screen. The distracter words of the filler trials were also segmentally ambiguous during the first 
two syllables, but they did not overlap in form or meaning with the target and competitor words, 
and all of them were words only in Spanish. Given the limited number of minimal pairs 
following these constraints, some of the words that were used as distracters for the filler trials 
included Spanish-English pseudocognates, which are cognate words that follow the rules of the 
Spanish orthography (e.g., sucesión, ‘succession’, producto ‘product’, or diverso ‘diverse’). 
Appendix N provides the complete list of filler items for Experiment 2. 
All nouns exhibited the appropriate Spanish diacritics. Spanish marks irregular stress 
placement with the use of diacritics. None of the experimental items included any diacritic that 
could give participants a cue as to where stress would fall. As will be described in more detail 
below, the main manipulation of Experiment 2 was the percentage of time the target word of the 
filler trials (the identical Spanish-English cognates) was heard in either Spanish or English.  
The same female Spanish native speaker (from Spain) who recorded the words for 
Experiment 1 also recorded the words for Experiment 2 in both English and Spanish. The same 
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speaker was selected to do both recordings to make sure that the identity of the speaker could not 
be used as an external cue to the language of the trial. This speaker was a near-native speaker of 
English, and was judged by two native speakers of English (naïve to the purpose of the current 
investigation) as not having much of a foreign accent in English.
20
 The recording was done using 
an Electro-Voice N/D 767 cardioid microphone and a Marantz Portable Solid State Recorder 
(PMD 671) in the anechoic chamber at the University of Kansas, Lawrence. Tokens were 
recorded in isolation to try to avoid coarticulatory effects. Each token was repeated twice, with a 
long pause in between repetitions. 
 
6.3 Procedure 
Experiment 2 was conducted during participants’ second visit to the laboratories. 
Participants were comfortably seated in an isolated room facing a computer screen. As in 
Experiment 1, participants completing the experiment at the University of Valencia had their eye 
movements recorded by a desktop-mounted Eyelink 1000 (www.sr-research.com) with a 
sampling rate of 1000 Hz (eye-movement information was recorded every millisecond). 
Participants completing the experiment at the University of Kansas had their eye movements 
recorded by a head-mounted Eyelink II (www.sr-research.com) with a sampling rate of 250 Hz 
(eye-movement information was recorded every 4 milliseconds).  




 A native Spanish speaker who learned English as an L2 was preferred over a simultaneous Spanish-English 
bilingual because such bilinguals have been shown to produce speech differently from monolinguals in both their 
languages (e.g., their voice onset time in the two languages often differs from that observed in monolinguals) (e.g., 
Flege, 1987; Sancier & Fowler, 1997). Since the target language in the present study was Spanish, having a native 
Spanish speaker whose Spanish was not influenced by English was considered more important than having a 
speaker whose English was more native-like.  
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The structure of each trial was the same as that described for Experiment 1. In each trial, 
participants first viewed the four orthographic words for 4,000 ms, which they were instructed to 
silently read. The words then disappeared, and a fixation cross appeared and stayed on the screen 
for 500 ms. As the fixation point disappeared and the same four words reappeared on the screen, 
participants heard the target word through headphones and clicked on the word that matched the 
acoustic input as quickly and accurately as they could. Each session began with four practice 
trials. The practice items followed the same structure as the experimental items described in the 
previous section. No feedback was provided during the practice session. This short practice 
session allowed participants to become familiar with the experimental procedure. The real 
experiment began right after the practice session. 
This experiment differed from Experiment 1 in that the language of the target words in 
the filler trials could be either Spanish or English. Participants were quasi-randomly divided into 
two groups: one group who completed a version of the experiment that would bias participants 
towards expecting to hear more Spanish words (Spanish-bias group), and another group who 
completed a version of the experiment that would bias participants towards expecting to hear 
more English words (English-bias group). Within each L1, the two bias groups did not differ in 
L2 proficiency (L1-Spanish L2-English group: t(23)=–1.5, p>.05, L1-English L2-Spanish group: 
t(19)<|1|) or on other individual differences measures (e.g., age of acquisition (L1-Spanish L2-
English group: t(23)=–1.3, p>.05, L1-English L2-Spanish group: t(19)<|1|), immersion in the L2 
environment (L1-Spanish L2-English group: t(23)<|1|, L1-English L2-Spanish group: t(19)<|1|), 




The language bias was created by manipulating the language in which participants would 
hear the target word (identical Spanish-English cognate) in the filler trials (both groups saw the 
same display of words).  
Spanish-bias condition: Participants assigned to the Spanish-bias group heard 80% of the 
target words in Spanish and only 20% in English (throughout the experiment). Experiment 2 thus 
differed from Experiment 1 in the fact that it included trials in English, which were expected to 
make participants more likely to activate the English phonology of the Spanish-English cognate 
words. In order to create a bias towards expecting more Spanish words than English words, the 
first block contained only filler items. From a total of 40 filler trials in the first block, 32 had a 
Spanish target word (the Spanish-English cognate was produced in Spanish), whereas the 
remaining 8 trials had an English target word (the Spanish-English cognate was produced in 
English). In order to reduce the likelihood that participants would strategically pay attention to 
only one type of word (e.g., paying attention only to words with a final heavy syllable in 
Spanish), the trials within this first block were balanced. For the 32 Spanish trials, the target 
word for 16 of them had a final heavy syllable and was thus stressed on the last syllable 
(e.g., oriental), and the target word for the other 16 had a light final syllable in Spanish and was 
thus stressed on the penultimate syllable (e.g., banana). For the remaining eight English trials, 
the target word for four of them had first-syllable stress (e.g., primate) and the target word for 
the remaining four had second-syllable stress (e.g., aurora). The remaining blocks followed the 
same structure, but they included the experimental items as part of the 16 Spanish trials with a 
light final syllable in Spanish, half of which were from the stress-interference condition, and the 
other half from the no-stress-interference condition. The language manipulation was also present 
in the four practice trials, with only one trial being heard in English. 
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English-bias condition: Participants assigned to this group heard most of the target words 
in English, so we expected to observe greater competition from the Spanish-English cognate 
competitor in this condition than in the Spanish-bias condition. In order to create a bias towards 
expecting more English trials than Spanish trials, the first block also contained only filler items. 
From a total of 40 filler trials in the first block, 32 had an English target word (i.e., the Spanish-
English cognate was produced in English), and only eight had a Spanish target word. In order to 
avoid participants developing strategies, the types of trials in each block were also balanced. For 
16 of the 32 English trials, the target word had first-syllable stress in English (e.g., primate), and 
the target word for the remaining16 trials second-syllable stress (e.g., aurora). For the Spanish 
trials, four of the eight trials had a target word with a final heavy syllable and thus was stressed 
on the final syllable (e.g., oriental), and the remaining four trials had a light final syllable and 
thus was stressed on the penultimate syllable (e.g., banana). The experimental items were 
presented in the last three blocks (four experimental trials from each condition in each block). In 
order not to bias participants towards the word with a final light syllable (the target of the 
experimental items), each block included eight trials in which the target was a word with a final 
heavy syllable. Thus, the remaining three blocks in the English-bias condition each included 16 
trials in Spanish and 24 trials in English. Hence, in the English-bias condition, it was not possible 
to maintain the 80%-20% bias (for English and Spanish, respectively) throughout the 
experiment, because each block needed to include Spanish trials in which the target was a word 
with a final heavy syllable (otherwise, participants could predict, even before hearing the stress 
placement, which word would be the Spanish target). Thus, the first block had an 80%-20% bias, 
but the second, third, and fourth blocks had a 60%-40% bias, yielding an overall 65%-35% bias 
for the complete experiment in the English-bias condition.  
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Ultimately, the two experiments differed in the language biases that they imposed on 
listeners. Hence, lexical competition effects should differ between the two experiments if 
listeners are influenced by these biases. The distribution of trials in each bias condition is 
summarized in Table 11. 
 
Table 11: Summary of the Trial Distribution in the Two Bias Conditions 
  







 8 English trials 
o 4  1st syllable stress 
o 4  2nd syllable stress 
 32 Spanish trials 
o 16  light final syllable 
o 16  heavy final syllable 
40 Trials: 
 8 Spanish trials 
o 4  light final syllable 
o 4  heavy final syllable 
 32 English trials 
o 16  1st syllable stress 















 8 English trials 
o 4  1st syllable stress 
o 4  2nd syllable stress 
 32 Spanish trials 
o 8 experimental trials 
 4 no-stress-interference 
 4 stress-interference 
o 8  light final syllable 
o 16  heavy final syllable 
40 Trials: 
 16 Spanish trials 
o 8 experimental trials 
 4 no-stress-interference 
 4 stress-interference 
o 8  heavy final syllable 
 24 English trials 
o 12  1st syllable stress 
o 12  2nd syllable stress 
 
The test included a total of 164 trials (including the four practice trials). The position of 
the target and competitor words on the screen was randomized, as was the order of presentation 
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of each trial, to ensure that participants could not predict which word would be heard next and 
where that word would be located on the screen. 
 
6.4 Data Analysis 
Fixations were included in the analysis only if participants selected the target or 
competitor word as their response (as determined by their mouse clicks). Again, including 
fixations in which participants selected the competitor is warranted on the grounds that the 
English stress manipulation was intended to modulate the degree of lexical competition that 
bilingual listeners experienced, and trials with competitor selection were trials in which 
participants indeed experienced a larger degree of lexical competition. Of all the trials included 
in the analysis, only 5 trials for the L1-Spanish L2-English group (or 0.003% of the data) and 14 
trials for the L1-English L2-Spanish group (or 0.009% of the data) were trials in which 
participants clicked on the competitor word, and the majority of these trials were indeed from the 
English-bias condition (2/5 for the L1-Spanish L2-English group; 9/14 for the L1-English L2-
Spanish group), where participants were expected to show more lexical competition. In this 
experiment, participants always selected either the target or competitor word, so all fixations 
were ultimately included in the analysis.  
Participants’ eye fixations were analyzed as they were for Experiment 1. Eye movements 
in each of the four regions of interest (corresponding to the four orthographic words) were 
analyzed from 0 to 1,500 ms. Given that it takes approximately 200 ms. for listeners to program 
and launch an eye movement (Hallett, 1986), statistical analyses were conducted on eye 
movements recorded after 200 ms of the target-word onset. Proportions of fixations to the target 
and competitor words were averaged within two time windows: A pre-disambiguation time 
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window corresponding to the first two syllables of the target word (e.g.  mate-, lite-), with a 
delay of 200 ms to account for the time it takes eye movements to reflect speech processing (on 
average from 200 ms to 445 ms on average, with the time window offset being calculated on an 
item-by-item basis); and a post-disambiguation time window corresponding to the rest of the trial 
up until 1,500 ms. (on average from 445 ms to 1,500 ms, with the time window onset being 
calculated on an item-by-item basis). “Disambiguation” thus refers to the point in time at which 
the target and competitor differed segmentally. The averages in fixations for each time window 
were computed on an item-by-item basis. Eye fixations in the first time window will reveal 
whether listeners show sensitivity to the manipulated factors before the target and competitor 
word disambiguate segmentally in the signal.  
Statistical analyses were conducted on the log-odd-transformed difference between the 
averaged proportions of fixations to the target and the averaged proportions of fixations to the 
competitor (for each time window). Using this difference measure (rather than proportions of 
fixations) factors out differences in relative speed with which both target and competitor words 
are fixated over distracter words, thus better reflecting the lexical activation process and also  
making the comparison between the different conditions more straightforward. Linear mixed-
effects models were conducted on these differences using the lme4 package of R (for discussion, 
see Baayen (2008)). The models were conducted on these differences in target and competitor 
fixations separately for each time window, examining the effect of English stress condition 
(stress-interference vs. no-stress-interference, with no-stress-interference as the baseline), 
language bias (Spanish-bias vs. English-bias, with Spanish-bias as the baseline), proficiency 
(arcsine transformed and centered), and all two- and three-way interactions. Different models 
were run for the two groups of participants (L1-Spanish L2-English and L1-English L2-Spanish 
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bilinguals), because the two groups were not sufficiently well matched in their L2 proficiency 
and L2 experience for a direct comparison of the two groups to be interpreted straightforwardly. 
For each dataset, the effect of each predictor was assessed using log-likelihood tests comparing 
models with and without that predictor; in each case, the simplest model with the best fit was 
kept. All models included participant and test item as crossed random variables. 
 
6.5 Predictions 
This experiment investigated whether cross-language competition would be modulated 
by the stress pattern of the English cognate competitor word (no-stress-interference vs. stress-
interference), L2 proficiency, and language bias when listeners were in a bilingual language 
mode. If stress modulates the degree of cross-language activation, we should find a simple effect 
of stress, with greater differential proportions of fixations in the no-stress-interference condition 
than in the stress-interference condition in the Spanish-bias condition (baseline). This would 
indicate that both languages are activated in parallel, and only by means of the acoustic 
information present in the signal can the activation of the unintended language (English in this 
case) be reduced.  
If language bias modulates cross-language activation, we should find a significant 
interaction between language bias and English stress. Such an interaction would most likely 
reveal that the effect of stress is greater in the English-bias group than in the Spanish-bias group. 
We may also find a simple effect of language bias, with greater differential proportions of 
fixations in the English-bias condition than in the Spanish-bias condition in the no-stress-
interference condition (baseline). This would indicate that the ease with which the Spanish target 
is activated depends on the likelihood of hearing Spanish throughout the experiment. In other 
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words, finding a simple effect of language bias but no interaction between language bias and 
English stress would indicate that language bias does not modulate the degree of cross-language 
interference produced by the stress manipulation; it only modulates how rapidly the Spanish 
target is recognized. Finally, we may find that the effects of stress and language bias are 
modulated by L2 proficiency. For stress, such an interaction is expected to reveal that 
participants can more easily reduce the degree of cross-language activation in the stress 
interference condition as their proficiency in the L2 decreases (for L1-Spanish L2-English 
listeners) or increases (for L1-English L2-Spanish listeners). For language bias, more proficient 
bilinguals could show less sensitivity to language bias as a result of better controlling for the 
degree of cross-language activation. 
The main purpose of this dissertation is to further explore how factors such as L2 
proficiency and language bias modulate cross-language activation in spoken word 
comprehension. As such, this dissertation has implications for models of bilingual activation. 
The two main models considered in this study (the Inhibitory Control Model (Green, 1998) and 
the BIA+ Model (Dijkstra & van Heuven, 2002) make different predictions regarding the factors 
that influence the early stages of word recognition during bilingual comprehension tasks. While 
finding an effect of (or interaction with) L2 proficiency would be consistent with the claims of 
both the BIA+ Model and the Inhibitory Control Model, only the Inhibitory Control Model 
predicts an effect of (or interaction with) language bias in early stages of word recognition (i.e., 




6.6 Results of Experiment 2 
As with Experiment 1, this section begins with a description of the results found for the 
L1-Spanish L2-English group, with the results for the pre- and post-disambiguation time 
windows reported separately.  
 
6.6.1 L1-Spanish L2-English Group 
Figure 10 presents the L1-Spanish L2-English listeners’ proportions of target (solid 
lines), competitor (dashed lines), and distracter fixations (dotted lines) in the stress-interference 






Figure 10: Proportion of Fixations, L1-Spanish L2-English Group, Experiment 2 
 
Since statistical analyses were conducted on the differences between proportions of target 
fixations and proportions of competitor fixations, the L1-Spanish L2-English listeners’ fixations 
are also plotted as such. Figure 11 presents these differences in fixations in the stress-
interference (black) and no-stress-interference (red) conditions, separately for the Spanish-bias 






Figure 11: Difference between Target and Competitor Fixations, L1-Spanish L2-English Group, Experiment 2 
 
6.6.1.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model on L1-Spanish L2-English 
group’s difference in fixations included English stress (no-stress-interference vs. stress-
interference), language bias (Spanish-bias vs. English-bias), and proficiency as fixed factors, as 
well as the two-way interaction between proficiency and language bias. Table 12 presents the 




Table 12: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Pre-Disambiguation Time Window, 
Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) 0.02    (.006) 4.09 <.001 
English Stress  0.001  (.003) <|1| >.1 
Language Bias –0.01    (.006) –1.04 >.1 
Proficiency –0.08      (.04) –1.81 >.1 
Language Bias x Proficiency 0.09      (.05) 1.61 >.1 
Note: df = 1128; α = .05 
 
The model summarized in Table 12 revealed no significant effect or interaction in this 
first time window. This indicates that, when the signal was segmentally ambiguous (but differed 
in terms of stress placement) between the target and competitor word, the L1-Spanish L2-English 
participants were not affected by the presence of a Spanish-English cognate word with 
interfering stress pattern in their L2, and this effect was not modulated by either language bias or 
L2 proficiency. 
 
6.6.1.2 Post-Disambiguation Time Window 
For the post-disambiguation time window, the best model for the L1-Spanish L2-English 
group’s difference in fixations included English stress (no-stress-interference vs. stress-
interference), language bias (Spanish-bias vs. English-bias), and proficiency as fixed factors, as 
well as the two-way interaction between English stress and proficiency. Table 13 presents the 





Table 13: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Post-Disambiguation Time Window, 
Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) 0.06      (.04) 14.35 <.001 
English stress –0.01      (.03) <|1| >.1 
Language Bias –0.04      (.06) <|1| >.1 
Proficiency 0.24      (.04) <|1| >.1 
English Stress x Proficiency 0.21      (.03) 1.19 >.1 
Note: df = 1127; α = .05 
 
The model summarized in Table 13 also revealed no significant effect or interaction in 
this second time window. This indicates that the L1-Spanish L2-English participants were not 
affected by the presence of a Spanish-English cognate word with interfering stress pattern in 
their L2, and this effect was not modulated by either language bias or L2 proficiency. 
 
6.6.2 L1-English L2-Spanish Group 
Figure 12 presents the L1-English L2-Spanish listeners’ proportions of target (solid 
lines), competitor (dashed lines), and distracter fixations (dotted lines) in the stress-interference 






Figure 12: Proportion of Fixations, L1-English L2-Spanish Group, Experiment 2 
 
Since statistical analyses were conducted on the differences between proportions of target 
fixations and proportions of competitor fixations, the L1-English L2-Spanish listeners’ fixations 
are also plotted as such. Figure 13 presents these differences in fixations in the stress-
interference (black) and no-stress-interference (red) conditions, separately for the Spanish-bias 





Figure 13: Difference between Target and Competitor Fixations, L1-English L2-Spanish Group, Experiment 2 
 
6.6.2.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model for the L1-English L2-Spanish 
group’s difference in fixations included English stress (no-stress-interference vs. stress-
interference), language bias (Spanish-bias vs. English-bias), and proficiency as fixed factors, as 
well as the two-way interaction between English stress and language bias, and the three-way 
interactions between English stress, language bias, and proficiency. Table 14 presents the results 
of this model. 
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Table 14: Mixed-Effects Linear Model Results, L1-English L2-Spanish Group, Pre-Disambiguation Time Window, 
Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) –0.26     (.23) –1.13 >.1 
English stress 0.41     (.29) 1.39 >.1 
Language Bias 0.5         (.3) 1.64 >.1 
Proficiency 0.29     (.29) 1.02 >.1 
English stress x Language Bias –1.13     (.38) –3.01 <.003 
English stress x Proficiency –0.54     (.36) –1.51 >.1 
Language Bias x Proficiency –0.46     (.36) –1.29 >.1 
English stress x Language Bias x Proficiency 1.19     (.44) 2.73 <.007 
Note: df = 960; α = .05 
 
The model summarized in Table 14 revealed a significant two-way interaction between 
English stress and language bias, and a significant three-way interaction between English stress, 
language bias, and proficiency. The two-way interaction between English stress and language 
bias indicates that the stress effect was larger in the English-bias condition than in the Spanish-
bias condition; that is, there were lower differential proportions of fixations (indicating more 
lexical competition) in the stress-interference condition than in the no-stress-interference 
condition, and this difference was larger when participants heard more English words as 
compared to when they heard more Spanish words. 
In order to better understand the significant three-way interaction, linear mixed-effects 
models were run separately on the two language bias groups. For these subsequent models, for 
both language bias groups, the best model included English stress (stress-interference vs. no-
stress-interference) and proficiency as fixed factors, as well as the two-way interaction between 
English stress and proficiency. Table 15 reports the results obtained for the Spanish-bias group, 
and Table 16 reports the results obtained for the English-bias group. 
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Table 15: Follow-Up Mixed-Effects Linear Model Analysis, L1-English L2-Spanish Group, Pre-Disambiguation 
Time Window, Spanish Bias, Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) –0.29      (.22) –1.36 >.1 
English stress 0.46      (.23) 1.63 >.1 
Proficiency 0.34      (.27) 1.27 >.1 
English stress x Proficiency –0.6       (.34) –1.75 >.1 
Note: df = 480; α = .05 
 
Table 16: Follow-Up Mixed-Effects Linear Model Analysis, L1-English L2-Spanish Group, Pre-Disambiguation 
Time Window, English Bias, Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) 0.15      (.2) <|1| >.1 
English stress –0.49    (.19) –2.61 <.009 
Proficiency –0.1      (.21) <|1| >.1 
English stress x Proficiency 0.46       (.2) 2.27 <.024 
Note: df = 480; α = .05 
 
The results reported in Table 15 revealed no significant effect or interaction. This 
indicates that the L1-English L2-Spanish participants in the Spanish-bias group were not affected 
by the presence of a Spanish-English cognate word, and this effect did not depend on their 
proficiency in Spanish. The results reported in Table 16, on the other hand, showed a simple 
effect of interference and a two-way interaction between English stress and proficiency in the 
English-bias group. The simple effect of English stress indicates that the stress-interference 
condition produced lower differential proportions of fixations (indicating more lexical 
competition) than the no-stress-interference condition. The interaction between English stress 
and proficiency indicates that the effect of stress interference was modulated by proficiency in 
Spanish: As their proficiency in Spanish increased, participants’ differential proportions of 
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fixations increased (indicating less lexical competition) only in the stress interference condition; 
consequently, the effect of stress decreased as proficiency in Spanish improved. This interaction 
is illustrated in Figure 14. 
These results suggest that L1-Spanish L2-English participants who were more proficient 




Figure 14: Interaction between English Stress and Proficiency, L1-English L2-Spanish group, English bias, 
Experiment 2 
 
6.6.2.2 Post-Disambiguation Time Window 
For the post-disambiguation time window, the best model on the L1-English L2-Spanish 
group’s difference in fixations included English stress (no-stress-interference vs. stress-
interference), language bias (Spanish-bias vs. English-bias), and proficiency as fixed factors, as 





















































interactions between English stress, language bias, and proficiency. Table 17 presents the results 
of this model.  
 
Table 17: Mixed-Effects Linear Model Results, L1-English L2-Spanish Group, Post-Disambiguation Time Window, 
Experiment 2 
Variable  Estimate (SE) t p 
(Intercept) 0.26     (.16) 1.62 >.1 
English stress –0.02     (.12) <|1| >.1 
Language Bias 0.01     (.25) <|1| >.1 
Proficiency 0.07     (.19) <|1| >.1 
English stress x Language Bias –0.38     (.19) –1.98 <.048 
English stress x Proficiency 0.02     (.14) <|1| >.1 
Language Bias x Proficiency 0.06     (.28) <|1| >.1 
English stress x Language Bias x Proficiency 0.37     (.22) 1.71 >.1 
Note: df = 959; α = .05 
 
The model summarized in Table 17 revealed only a two-way interaction between English 
stress and language bias. This two-way interaction indicates that L1-English L2-Spanish listeners 
showed lower differential proportions of fixations (indicating more lexical competition) in the 
stress-interference condition than in the no-stress-interference condition, and this difference was 
larger when participants heard more English words as compared to when they heard more 
Spanish words. Follow-up analyses conducted separately on the Spanish-bias group and the 
English-bias group revealed a significant effect of English stress only in the English-bias 
condition (t(19)=–1.13, p<.05). This suggests that more competition emerges in the stress-
interference condition than in the no-stress interference condition only when participants hear 
more English words than Spanish words throughout the experiment.  
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6.7 Comparison of Experiments 1 and 2 
Using the same words in the cognate, stress mismatch condition of Experiment 1 and the 
stress-interference condition of Experiment 2 allows us to further assess the effect of language 
bias on word recognition. In this section, an analysis is reported that compares lexical activation 
in circumstances where participants did not hear any English (Experiment 1) and in 
circumstances where participants heard some English (20% English in the Spanish-bias group 
condition, 65% English in the English-bias group condition). For this additional analysis, mixed-
effects linear models were conducted on the difference between participants’ proportions of 
target and competitor fixations separately for the pre-disambiguation and post-disambiguation 
time windows. Fixed effects included language bias (no English, 20% English, 65% English, 
with the no-English (Experiment 1) condition serving as the baseline), L2 proficiency (arcsine 
transformed and centered), and the two-way interaction between language bias and L2 
proficiency. Again, we report the results of these analyses separately for the two groups.  
 
6.7.1 L1-Spanish L2-English Group 
Figure 15 presents L1-Spanish L2-English listeners’ difference between proportions of 
target and competitor fixations in the three language bias conditions: No-English (Experiment 1 
in black), 20% English (red) and 65% English (blue). The two vertical lines represent the 





Figure 15: Difference between Target and Competitor Fixations, L1-Spanish L2-English Group, Cognate 
(Experiment 1) and Stress-Interference (Experiment 2) Conditions 
 
6.7.1.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model on the L1-Spanish L2-English 
group’s difference in fixations included language bias (no English vs. 20% English, no English 
vs. 65% English) and proficiency as fixed factors, as well as the two-way interaction between 




Table 18: Mixed-Effects Linear Model Results Comparing Experiments 1 and 2 (Cognate, Stress Mismatch and 
Stress-Interference Conditions), L1-Spanish L2-English Group, Pre-Disambiguation Time Window 
Variable  Estimate (SE) t p 
(Intercept) 0.27      (.04) 6.47 <.001 
Language Bias (20% English) –0.06      (.05) –1.2 >.1 
Language Bias (65% English) –0.11      (.05) –2.29 <.02 
Proficiency –0.17      (.33) <|1| >.1 
Language Bias (20% English) x Proficiency –0.64      (.45) –1.41 >.1 
Language Bias (65% English) x Proficiency 0.56      (.42) 1.34 >.1 
Note: df = 680; α = .05 
 
The model summarized in Table 18 revealed a simple effect of language bias when 
comparing the 65%-English condition to the no-English condition. This main effect indicates 
that the L1-Spanish L2-English listeners showed a smaller difference between proportions of 
target and competitor fixations in the 65%-English condition (Experiment 2) than in the no-
English condition (Experiment 1). This pattern of results indicates that the presence of a large 
number of English trials slowed down L1-Spanish L2-English listeners’ word recognition. These 
results differ from those of Experiment 2 alone, where L1-Spanish L2-English listeners did not 
show any effect of language bias.  
 
6.7.1.2 Post-Disambiguation Time Window 
For the post-disambiguation time window, the best model on the L1-Spanish L2-English 
group’s difference in fixations was the model that included only the intercept, that is, a model 
that did not include any fixed factors (or interactions). This indicates that there were no 




6.7.2 L1-English L2-Spanish Group 
Figure 16 presents the L1-English L2-Spanish listeners’ difference between proportions 
of target and competitor fixations in the three bias conditions: No English (Experiment 1 in 
black), 20% English (red) and 65% English (blue). The blue box represents the pre-
disambiguation time window. 
 
 
Figure 16: Difference between Target and Competitor Fixations, L1-English L2-Spanish Group, Cognate 
(Experiment 1) and Stress-Interference (Experiment 2) Conditions 
 
6.7.2.1 Pre-Disambiguation Time Window 
For the pre-disambiguation time window, the best model on the L1-English L2-Spanish 
group’s difference in fixations included language bias (no English vs. 20% English, no English 
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vs. 65% English) and proficiency as fixed factors, as well as the two-way interaction between 
language bias and proficiency. Table 19 presents the results of this model. 
 
Table 19: Mixed-Effects Linear Model Results Comparing Experiments 1 and 2 (Cognate, Stress Mismatch and 
Stress-Interference Conditions), L1-English L2-Spanish Group, Pre-Disambiguation Time Window 
Variable  Estimate (SE) t p 
(Intercept) 0.02      (.12) <|1| >.1 
Language Bias (20% English) –0.2       (.14) –1.39 >.1 
Language Bias (65% English) –0.49     (.17) –2.92 <.004 
Proficiency –0.01     (.13) <|1| >.1 
Language Bias (20% English) x Proficiency 0.24     (.17) 1.44 >.1 
Language Bias (65% English) x Proficiency 0.48     (.18) 2.61 <.009 
Note: df = 520; α = .05 
 
The model summarized in Table 19 revealed a simple effect of language bias (the 65%-
English condition differed from the no-English condition) and a two-way interaction between 
language bias and proficiency for the 65%-English condition. The simple effect of bias indicate 
that the L1-English L2-Spanish participants showed a smaller difference between their 
proportions of target and competitor fixations in the 65%-English condition than in the no-
English condition. The two-way interaction between language bias and proficiency for the 65%-
English condition indicates that as proficiency in Spanish increased, the L1-English L2-Spanish 
group showed larger differential proportions in the 65%-English condition, but not so much in 
the no-English condition; consequently, the effect of language bias decreases with increasing 
Spanish proficiency. This interaction is illustrated in Figure 17.  
These results suggest that for L1-English L2-Spanish listeners, the explicit presence of a 
large number of English trials in the task also slowed down the recognition of the Spanish target. 
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Furthermore, with increasing proficiency in Spanish, L1-English L2-Spanish listeners tend to 
show better control of the amount of interference caused by the presence of English in the 
experiment, especially in the 65%-English condition.  
 
 
Figure 17: Interaction between Language Bias and Proficiency, L1-English L2-Spanish Group, Cognate 
(Experiment 1) and Stress-Interference (Experiment 2) Conditions 
 
6.7.2.2 Post-Disambiguation Time Window 
For the pre-disambiguation time window, the best model on the L1-English L2-Spanish 
group’s difference in fixations included language bias (no English vs. 20% English, no English 





















































Table 20: Mixed-Effects Linear Model Results Comparing Experiments 1 and 2 (Cognate, Stress Mismatch and 
Stress-Interference Conditions), L1-English L2-Spanish Group, Post-Disambiguation Time Window 
Variable  Estimate (SE) t p 
(Intercept) 0.1         (.1) <|1| >.1 
Language Bias (20% English) –0.02     (.03) <|1| >.1 
Language Bias (65% English) 0.02     (.03) <|1| >.1 
Proficiency 0.26     (.12) 2.26 <.029 
Note: df = 520; α = .05 
 
The model summarized in Table 20 revealed only a simple effect of proficiency. This 
indicates that in the post-disambiguation time window, participants showed a larger difference 
between their proportions of target and competitor fixations (indicating less lexical competition) 
as their proficiency in Spanish increased. 
 
6.8 Discussion and Conclusion 
The main objective of this experiment was to determine whether L2 proficiency and 
language bias modulate the degree of cross-language activation (from stress interference) that 
bilingual listeners in a bilingual language mode experience in comprehension. Effects of these 
two factors have been reported in the literature on bilingual comprehension (e.g., Grosjean, 
1997; Guo & Peng, 2006; Ju & Luce, 2004; Marian & Spivey, 2003a; Soares & Grosjean, 1984; 
Spivey & Marian, 1999; Weber & Cutler, 2004). This study also explored whether (and if so, 
how) these two factors interact.  
We predicted a significant interaction between language bias and English stress, with the 
effect of stress being greater in the English-bias group than in the Spanish-bias group. We also 
anticipated the possibility that the effects of stress and language bias would be modulated by L2 
proficiency. For stress, we predicted that participants would more easily reduce the degree of 
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cross-language activation in the stress-interference condition as their proficiency in the L2 
decreased (for L1-Spanish L2-English listeners) or increased (for L1-English L2-Spanish 
listeners). For language bias, we predicted that more proficient bilinguals could show less 
sensitivity to language bias as a result of better controlling for the degree of cross-language 
activation.  
The results partially supported these predictions. In both the pre- and post-disambiguation 
time windows, the L1-English L2-Spanish participants in the English-bias condition showed 
more lexical competition in the stress-interference condition than in the no-stress-interference 
condition, with this effect being modulated by their proficiency in Spanish. By contrast, no effect 
of stress was found for L1-English L2-Spanish participants in the Spanish-bias condition, and no 
effect of stress or language bias (or interaction between the two) was found for the L1-Spanish 
L2-English participants. Language bias was also found to influence word recognition in the 
analysis comparing the results of the cognate, stress mismatch condition of Experiment 1 and 
those of the stress-interference condition of Experiment 2. In this second analysis, the L1-
English L2-Spanish group showed slower recognition of the Spanish target in the 65%-English 
condition than in the no-English condition, and so did the L1-Spanish L2-English group. This 
suggests that the more English bilingual listeners were forced to activate throughout the 
experiment, the slower they were in recognizing the Spanish target. Language bias appears to 
influence not only bilingual lexical activation, but also overall word-recognition speed.  
These findings are in line with those reported in previous comprehension studies looking 
at the effects of language bias (e.g., Marian & Spivey, 2003a; Spivey & Marian, 1999). Marian 
& Spivey (2003a) hypothesized that the bilinguals in their first study (Spivey & Marian, 1999), 
who were tested in both languages in the same experimental session and by fluent bilingual 
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speakers, may have been more sensitive to the similarities between the two languages during the 
experiment, and thus experience greater cross-language competition, than the bilinguals in their 
second study (Marian & Spivey, 2003a), who were tested in only one language and by 
monolingual speakers. In both studies, though, there was evidence of cross-language activation 
when the unintended language was the L1, as in the current study. 
Overall, the L1-Spanish L2-English group appears to have been less influenced by the 
presence of English trials than the L1-English L2-Spanish group, in that language bias influenced 
the former group from 0 to 65% but not from 20% to 65% (unlike the L1-English L2-Spanish 
group, who showed an effect of language bias in the first analysis). As with Experiment 1, it is 
likely that the stress-interference manipulation of the competitor word interfered with the 
recognition of the Spanish target for the L1-English L2-Spanish listeners but not for the L1-
Spanish L2-English listeners in Experiment 2 due to the differential strengths of lexical 
activation in L1 Spanish as compared to L2 Spanish. These findings are in line with those of 
previous studies showing that the size of cross-language activation varies depending on whether 
the task is conducted in the L1 or in the L2 (i.e., Marian & Spivey, 2003a) and depending on 
how proficient bilingual listeners are in the L2 (e.g., Mishra & Singh, 2016; Silverberg & 
Samuel, 2004). As was discussed for Experiment 1, the L1-Spanish L2-English listeners may 
also not have shown an effect of stress interference if they were not sufficiently familiar with the 
stress placement of the competitor words included in the study. However, the results of 
Experiment 3, an adaptation of Experiment 2 but in which participants instead produced the 
Spanish targets, suggest otherwise (in that experiment, the L1-Spanish L2-English group did 
show a significant effect of stress; for details, see Chapter 7). Hence, from the present results, we 
conclude that cross-language interference is simply stronger when the unintended language is the 
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L1 than when it is the L2. Further research should investigate whether the strength of activation 
of the L1 is considerably weakened with L1-Spanish L2-English participants who instead live in 
an English-speaking country, while controlling by the knowledge of stress pattern of English 
words. 
One interesting question that arises from the language bias manipulation used in the 
current study is whether participants in the English-bias condition might have been using 
different strategies from those in the Spanish-bias condition when performing the task. Given 
that we needed to control for syllable type and stress placement in the filler trials, the percentage 
of Spanish and English trials in the English-bias condition was not the reverse from that in the 
Spanish-bias condition (35% Spanish vs. 65% English  in the former; 80% Spanish vs. 20% 
English in the latter). It is possible that participants in English-bias group, rather than expecting 
to activate more English than Spanish, considered the likelihood of hearing each language to be 
similar, and thus expected both languages across trials. Although this possibility cannot be ruled 
out, it does not undermine the interpretation of the current results: The more English participants 
heard, the more cross-language interference they showed. 
Not only language bias, but also L2 proficiency, was found to affect cross-language 
activation in the L1-English L2-Spanish participants. As predicted, the effect of stress-
interference was modulated by L2 proficiency, with L1-English L2-Spanish listeners in the 
English-bias condition showing less lexical competition in the stress-interference condition as 
their Spanish proficiency increased (pre-disambiguation time window). Also for L1-English L2-
Spanish listeners, L2 proficiency additionally modulated the effect of language bias, with 
listeners showing a reduced effect of language bias as their proficiency increased, largely due to 
their enhanced ability to control cross-language activation in the English-bias condition. Previous 
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studies have indeed shown that L2 proficiency modulates cross-language activation from the L1 
(e.g., Mishra & Singh, 2016; Silverberg & Samuel, 2004). The current findings thus provide 
further evidence in support of the claim that more proficient L2 listeners exert better control over 
the degree of cross-language activation from the L1, particularly so in a task where the language 
that is unintended in the critical trials is heard in much of the experiment (English bias).  
In contrast to the L1-Spanish L2-English group, L2 proficiency did not modulate the 
effect of stress interference for the L1-Spanish L2-English group. Unlike our predictions, more 
proficient L1-Spanish L2-English participants did not show a larger degree of stress interference 
as their proficiency in English increased. One possibility is that the hypothesized greater 
activation of the L1 and lesser activation of their L2 may have made proficiency effects less 
likely to emerge in a task where the interference comes from the L2 rather than from the L1. 
Alternatively, the L1-Spanish L2-English listeners may not have been sufficiently proficient in 
English to trigger cross-language competition from their L2, thus nullifying any effect of 
proficiency. The L1-Spanish L2-English participants tested in this study had minimal experience 
living in an English environment. In future studies, testing more advanced L1-Spanish L2-
English participants and/or testing them in an environment where the L2 is used would provide 
more conclusive evidence regarding the effect of L2 proficiency on cross-language activation 
when the unintended language is the L2 rather than the L1.  
The results of this experiment are compatible with the Inhibitory Control Model (Green, 
1998). According to this model, bilinguals’ two languages are represented by different language 
tags schemas (established from prior input), which alter the activation levels of lexical 
representations in a top-down fashion. The model postulates that the activation level of the 
language schemas is altered by the supervisory attentional system, which works as a domain-
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general inhibitory control mechanism. According to the Inhibitory Control Model, language tag 
schemas are the primary source of control in bilingual word activation (for both comprehension 
and production), so the model predicts an effect of language bias on this activation. Moreover, 
proficiency is expected to affect to degree to which the word lemmas are activated. That is, the 
Inhibitory Control Model predicts that both proficiency and language bias will control the level 
of activation of the unintended language, as found in this study. The model does not make 
specific predictions as to whether proficiency and language bias should interact, but a priori such 
an interaction is not inconsistent with the model. 
In principle, the BIA+ Model (Dijkstra & Van Heuven, 2002) does not straightforwardly 
predict the results obtained in the comprehension task. This model represents the bilinguals’ two 
languages with the use of language nodes, by means of which the activation levels of lexical 
representation can be altered. However, unlike the Inhibitory Control Model, the language nodes 
in the BIA+ model cannot perform a form of top-down control in early stages of word activation. 
The BIA+ Model claims that the activation and inhibition of lexical representations is strictly 
controlled by the input in this early stage of word recognition. According to this model, language 
nodes can only influence the output (i.e., word selection) of the “task/decision system”. For 
comprehension, this model predicts that proficiency will modulate bilingual activation, but 
language bias should not have such an effect in the early stages of word activation.  
One limitation of the present design for testing the BIA+ Model (Dijkstra & Van Heuven, 
2002), however, is that in each trial of Experiment 2, participants were given 4,000 ms to read 
the words on the screen and activate their phonological realizations (at least in Spanish but, in 
principle, also English for the Spanish-English cognates) before they heard any acoustic 
information leading them to the target. Since this preview time likely influenced the activation of 
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the words on the screen, it could be argued that what the eye-tracking data is capturing is, indeed, 
not the early word activation stage, but rather the word selection stage. If the eye-tracking data 
were deemed not to represent the early stages of word activation, then the current results would 
also be in line with the predictions of the BIA+ model.  
Another possible limitation of Experiment 2 is in the interpretation of the nature of the 
effect stress shown by the L1-English L2-Spanish group: It is unclear whether the effect shown 
is an effect of stress interference or stress facilitation. For instance, it could also be the case that 
the no-stress-interference helped listeners rule out the interference from the English stress pattern 
as early as in the first syllable (where the English words would have been stressed, but which the 
acoustic input did not show this pattern). This would indicate that, in fact, being able to inhibit 
the English stress interference earlier in the word makes it easier for participants to reduce the 
level of cross-language interference. Possibly, both stress facilitation and stress interference may 
also be going on from, respectively, the no-stress-interference and stress-interference conditions. 
Further research should seek to tease these two possibilities apart. 
In conclusion, the findings of Experiment 2 indicate that language bias and L2 
proficiency modulate the degree of cross-language activation shown by bilinguals, and they 
interact such that L2 proficiency is more likely to influence cross-language activation when the 
unintended language is more often used (English bias) than when it is less often used (Spanish 
bias). Experiment 3, described in detail in the next chapter, provided a test for determining 
whether factors such as language bias and L2 proficiency modulate cross-language activation in 





Chapter 7: Experiment 3: Spanish-English Switching Production Task 
 
7.1 Introduction 
Experiment 2 showed that both L2 proficiency and language bias modulated the degree 
of cross-language activation (from stress interference) that L1-English L2-Spanish listeners in a 
bilingual language mode experienced in language comprehension. Experiment 3 investigates 
whether these two factors also modulate cross-language activation when bilingual speakers in a 
bilingual language mode produce language. Whereas previous comprehension studies have 
found that both L2 proficiency and language bias modulate bilingual activation (e.g., Grosjean, 
1998; Marian & Spivey, 2003a; Mishra & Singh, 2016; Rodriguez-Fornells et al., 2005; 
Silverberg & Samuel, 2004), existing word production studies report only effects of L2 
proficiency (e.g., Costa et al., 2000; Costa, Colomé, & Caramazza, 2000; Costa, Miozzo, & 
Caramazza, 1999; Costa et al., 2006; Costa & Santesteban, 2004; Hoshino & Kroll, 2008). Thus, 
the effect of language bias on word production still needs to be studied. Importantly, no other 
study has explored how both L2 proficiency and language bias influence bilingual language 
activation in word production, and whether (and if so, how) they interact.  
This experiment uses an experimental design similar to that of Experiment 2, but instead 
of hearing a target word in Spanish or English, participants produce the target word in Spanish or 
in English. Participants completed an adaptation of the visual-world eye-tracking task in which 
they saw four orthographic words presented in the screen, one of which was signaled with a 
circle. Participants were asked to name the word in the circle. In addition to being signaled by 
the circle, the target word appeared in one of two colors: blue or red. Participants were asked to 
name the word in English if it appeared in blue or in Spanish if it appeared in red. Thus, 
Experiment 3 was designed to determine whether L2 proficiency and language bias modulates 
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cross-language activation in L1-Spanish L2-English and L1-English L2-Spanish production of 
Spanish words in the presence of Spanish-English cognate words with interfering stress pattern 
in English and how these two factors may interact with each other. 
 
7.2 Materials 
The test items of Experiment 3 were the same as those described in Chapter 6 for 
Experiment 2. In the experimental conditions, participants also saw a total of 24 Spanish 
trisyllabic nouns with regular stress placement always presented together with a competitor with 
a different stress pattern. As was the case with Experiments 1 and 2, the target in the 
experimental items was always the word with stress on the penultimate syllable (e.g., litera 
‘bunk bed’, or materia ‘matter/subject’). 
Experiment 2 included a stress-interference condition, where the stress pattern of the 
English cognate competitor (e.g., material) matched that of the Spanish target word and was 
expected to interfere with the recognition of the Spanish target word. Whereas this stress-
interference condition was expected to increase lexical competition in comprehension 
(Experiments 1-2), it is not expected to interfere with word naming in production (Experiment 
3), because the stress pattern of the English cognate competitor and Spanish target is the same. 
Hence, for Experiment 3, this condition is referred to as the no-stress-interference condition. Half 
of the test items belonged to this no-stress-interference condition, and the remaining half 
belonged to a stress-interference condition, where the stress pattern of the English cognate 
competitor differed from that of the Spanish target (e.g., literal) and thus where interference 
from the English stress pattern was expected. If participants activate the English stress pattern, 
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they should produce the Spanish target word more slowly and less accurately in the stress-
interference condition (e.g., litera) than in the no-stress-interference condition (e.g., materia).  
The same language-bias manipulation described for Experiment 2 was used in 
Experiment 3, with two versions of the experiment being created: a Spanish-bias version in 
which only 20% of the trials were in English, and an English-bias version in which 65% of the 
trials were in English. The test items were distributed in the same way across Experiments 2-3. 
As in Experiment 2, participants were assigned to either a Spanish-bias condition or an English-
bias condition, whichever condition they were assigned to in Experiment 2.  
In order to reduce the probability that participants would do the task based on what they 
remember from Experiment 2, the presentation of target-competitor word pairs and distracter 
word pairs was randomized such that even though participants saw the same words in 
Experiments 2-3, they did not see the same array of four words (e.g., if, in Experiment 2, 
participants saw “materia”, “material,” “seguido,” and “seguidor” on the screen, in Experiment 3 
they saw “materia,” “material,” “chupete,” and “chupetón”). All the stimuli, including 




Experiment 3 was conducted during participants’ third visit to the laboratories. 
Participants were comfortably seated in an isolated room, facing a computer screen and wearing 
a Sennheiser ME 3-EW headset EW microphone. Paradigm software (Perception Research 
Systems, Inc.; Tagliaferri, 2005) was used to present the visual stimuli and record participants’ 
word productions. Similarly to Experiments 1 and 2, participants first saw the four orthographic 
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words for 4,000 ms, which they were instructed to silently read; then, a fixation cross appeared 
in the middle of the screen for 500 ms; after the fixation cross disappeared, the same four words 
reappeared on the screen, one of them in a circle and in color. Participants were asked to read the 
circled word aloud in the language signaled by the color, and do so as quickly and accurately as 
possible. Paradigm began recording voice data once the screen with the circled word appeared, 
and the sample length was specified to 2,000 ms. to make sure the complete word would be 
recorded. The recording volume was readjusted before each new participant. 
The language bias in this experiment was created by presenting the target word in one of 
two colors to let participants know in which language they should read it. If the circled word 
appeared in red, participants had to read it in Spanish; if the circled word was in blue, they had to 
read it in English. Participants were carefully instructed about this color manipulation, and they 
had four practice trials to ensure that they indeed read the target words in the intended language. 
Practice trials followed the same procedure as the filler trials, including the language-bias 
manipulation. The main experimenter stayed next to the participants during this practice session 
to make sure they were following the instructions and read the target word in the appropriate 
language. After the practice session, participants were reminded of the color coding to ensure 
they would not read the words in the wrong language. This short practice session allowed 
participants to become familiar with the procedures and with the presence of English trials. The 
actual experiment began right after the practice session.  
 
7.4 Data Analysis 
Paradigm (Tagliaferri, 2005) saved each individual word production as a separate .wav 
file in the participant’s data folder. Each individual recording (for the experimental trials) was 
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visually inspected and analyzed using PRAAT (Boersma & Weenink, 2010). Two different 
dependent variables were analyzed: (1) accuracy (whether participants produced the correct 
target word, in the correct language, and with the correct stress pattern); and (2) naming latencies 
(how much time participants needed to begin producing the word—from when the circled word 
appeared on the screen to the onset of the word produced).  
Individual production files were further coded for two additional variables: false starts 
and disfluencies (that is, cases where participants started producing a word but then changed 
their minds, and cases were the produced words were broken up by a pause). Word productions 
that were affected by false starts or disfluencies were excluded from the analysis of the accuracy 
and naming latency data (which excluded a total of 0.09% of the data in the L1-Spanish L2-
English group and 0.73% of the L1-English L2-Spanish group). Due to technical problems, the 
recordings of one L1-Spanish L2-English and one L1-English L2-Spanish participant were not 
saved, which led to the loss of 2.9% of the data in the L1-Spanish L2-English group and 2.5% of 
the data in the L1-English L2-Spanish group. Trials where the wrong word was read or where the 
word was read in the wrong language were also excluded from analysis of the accuracy and 
naming latency data (which excluded a total of 0.53% of the data in the L1-Spanish L2-English 
group and 0.83% of the L1-English L2-Spanish group). In total, 3.52% of the data was excluded 
for the L1-Spanish L2-English group and 4.06% of the data was excluded for the L1-English L2-
Spanish group. 
Word productions that remained in the analyses were coded for accurate or inaccurate 
stress placement by two different raters (a native speaker of Spanish with very little knowledge 
of English and a native speaker of English with very little knowledge of Spanish, both naïve to 
the purpose of the current dissertation). Naïve raters were used to make sure that judgements 
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would not be biased due to familiarity with the test items, conditions, and languages tested. The 
overall agreement between the two raters was 98.2%, and those cases in which there was no 
consensus were excluded from the analysis (which excluded a total of 1.8% of the remaining 
data, mostly from the L1-English L2-Spanish group). The analysis of the naming latencies 
included only words that had been judged to be produced with the correct stress placement.  
The two dependent variables were analyzed with linear mixed-effects models for the 
continuous variable (naming latencies) and logit mixed-effects models for the binomial variable 
(accuracy) using the lme4 package of R (Baayen, 2008). The models examined the effect of 
English stress (no-stress-interference vs. stress-interference, with the no-stress-interference 
condition as the baseline), language bias (Spanish-bias vs. English-bias, with Spanish-bias as the 
baseline), proficiency (arcsine transformed and centered), and all two- and three-way 
interactions. As with the previous experiments, different models were run for the two groups 
(L1-Spanish L2-English and L1-English L2-Spanish bilinguals). For each dataset, the effect of 
each predictor was assessed using log-likelihood tests comparing models with and without that 
predictor; in each case, the simplest model with the best fit was kept. All models included 
participant and test item as crossed random variables. 
 
7.5 Predictions 
This experiment investigated whether cross-language competition would be modulated 
by the stress pattern of the English cognate competitor word (no-stress-interference vs. stress-
interference), L2 proficiency, and language bias (Spanish-bias vs. English-bias) during a 
production task.  
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If English stress modulates the degree of cross-language activation, we should find a 
simple effect of English stress, with less accurate and slower responses in the stress-interference 
condition than in the no-stress-interference condition in the Spanish-bias condition (baseline). 
This would indicate that both languages are activated in parallel before the word in the correct 
language (here, Spanish) is produced. If language bias also modulates cross-language activation, 
we should also find a significant interaction between stress and language bias may also be found. 
Such an interaction would most likely indicate that the effect of stress is greater in the English-
bias group than in the Spanish-bias group. We may also find a simple effect of language bias, 
with less accurate and slower response times in the English-bias condition than in the Spanish-
bias condition in the no-stress-interference condition (baseline). As with Experiment 2, this 
would indicate that the ease with which the Spanish target word is produced depends on the 
likelihood of producing other Spanish target words throughout the experiment: The more 
Spanish is produced, the more accurately and more rapidly the Spanish target is produced. In 
other words, finding a simple effect of language bias but no interaction between language bias 
and English stress would indicate that language bias does not modulate the degree of cross-
language interference produced by the stress manipulation; it only modulates how accurately and 
rapidly the Spanish target is recognized. Finally, we may find that the effects of stress and 
language bias are modulated by L2 proficiency. For stress, such an interaction is expected to 
reveal that participants can more easily reduce the degree of cross-language activation in the 
stress interference condition as their proficiency in the L2 decreases (for L1-Spanish L2-English 
listeners) or increases (for L1-English L2-Spanish listeners). For language bias, more proficient 
bilinguals could show less sensitivity to language bias as a result of better controlling for the 
degree of cross-language activation. 
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While the main purpose of this dissertation is to further explore how factors such as L2 
proficiency and language bias modulate cross-language activation, it also has implications for 
models of bilingual activation. In line with the predictions outlined in Experiment 2, the 
Inhibitory Control Model (Green, 1998) predicts a main effect of (or interaction with) language 
bias and L2 proficiency for both comprehension and production, whereas the BIA+ Model 
(Dijkstra & van Heuven, 2002) does not make predictions for production, as the model was 
originally proposed for comprehension. 
 
7.6 Results of Experiment 3 
Similarly to Experiments 1 and 2, this section begins with a description of the results 
found for the L1-Spanish L2-English group, with the accuracy and naming latency results 
reported separately.  
 
7.6.1 L1-Spanish L2-English Group 
7.6.1.1 Stress Placement Accuracy Results 
This section presents the participants’ stress placement accuracy results, as coded by the 
aforementioned two raters. Whenever participants made a stress placement error, they followed 
one of two possible strategies: In the no-stress-interference condition, they produced the stress 
pattern of the Spanish cognate competitor (e.g., producing materia as materia, as if it were 
similar to material in Spanish); and in the stress-interference condition, they produced the stress 
pattern of the English cognate competitor (e.g., producing litera as litera, as if it were similar to 
literal in English). This indicates that, as intended by the experimental design, the competitor 
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word interfered in some way with the correct retrieval of the stress pattern of the Spanish target 
word. 
Figure 18 presents the L1-Spanish L2-English participants’ accuracy in the no-stress-
interference (dark grey) and stress-interference (red) conditions, separately for the Spanish-bias 
and the English-bias groups.  
 
 
Figure 18: Accuracy Results, L1-Spanish L2-English Group, Experiment 3 
 
The best model on L1-Spanish L2-English group’s accuracy results included English 
stress (no-stress-interference vs. stress-interference), language bias (Spanish-bias vs. English-
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bias), and proficiency as fixed factors, as well as the two-way interaction between language bias 
and proficiency. Table 21 presents the results of this model.  
 
Table 21: Logit Mixed-Effect Model Results, L1-Spanish L2-English Group, Accuracy, Experiment 3 
Variable  Estimate (SE) z p 
(Intercept) 6.91    (1.11) 6.45 <.001 
English stress –3.12    (1.01) –3.09 <.01 
Language Bias –0.53    (0.5) . –1.07 >.1 
Proficiency –7.57    (3.27) –2.3 . <.021 
Language Bias x Proficiency 6.99    (4.1) . 1.5 . >.1 
Note: df = 1080; α = .05 
 
The model summarized in Table 21 revealed a simple effect of English stress and a main 
effect of proficiency. This indicates that L1-Spanish L2-English participants were more accurate 
when the English cognate competitor word had the same stress pattern as the Spanish target than 
when the English cognate competitor had a different stress pattern from the Spanish target in the 
Spanish-bias condition (the baseline). Given the lack of interaction between English stress and 
language bias, the effect of stress thus generalized to the two language bias conditions. The 
results also show that L1-Spanish L2-English participants’ accuracy decreased as their 
proficiency in English increased. Since this effect did not interact with stress or language bias, it 
can be generalized to both the two stress conditions and the two language bias conditions. This 
indicates that, the more proficient in English participants were, the less accurate they were in 
their production of Spanish words, irrespective of stress or language bias. 
These results indicate that the L1-Spanish L2-English participants showed evidence of 
interference from the English stress pattern in language production, but that neither language bias 
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nor L2 proficiency modulated the degree of interference. These results differ from those reported 
for Experiment 2, where the L1-Spanish L2-English participants did not show evidence of 
interference from the English stress pattern in language comprehension.  
 
7.6.1.2 Naming Latency Results 
Figure 19 presents the L1-Spanish L2-English participants’ naming latencies in the no-
stress-interference (dark grey) and stress-interference (red) conditions, separately for the 
Spanish-bias and the English-bias groups.  
 
 




The best model on L1-Spanish L2-English group’s naming latencies included English 
stress (no-stress-interference vs. stress-interference), language bias (Spanish-bias vs. English-
bias), and proficiency as fixed factors, as well as the two-way interaction between proficiency 
and language bias. Table 22 presents the results of this model.  
 
Table 22: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Naming Latencies, Experiment 3 
Variable  Estimate      (SE) t p 
(Intercept) 763.02    (19.98) 38.2 <.001 
English stress 18.91      (8.07) 2.34 <.02 
Language Bias –128.92    (27.33) 4.72 <.001 
Proficiency –192       (186.71) –1.03 >.1 
Language Bias x Proficiency 143.78   (252.2) . <|1| >.1 
Note: df = 1104; α = .05 
 
The model summarized in Table 22 revealed a simple effect of English stress and a 
simple effect of language bias but no interaction between the two. The simple effect of English 
stress indicates that L1-Spanish L2-English participants were faster when the English cognate 
competitor word had the same stress pattern as the Spanish target than when the English cognate 
competitor had a different stress pattern from the Spanish target in the Spanish-bias condition 
(the baseline). The simple effect of language bias indicates that L1-Spanish L2-English 
participants were slower in the English-bias condition than in the Spanish-bias condition for the 
condition where the cognate competitor word has the same stress as the Spanish target (baseline). 
Given the lack of interaction between English stress and language bias, the effect of stress 
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generalized to the two language bias conditions and the effect of language bias generalized to the 
two stress conditions.  
This pattern of results confirm that L1-Spanish L2-English participants showed evidence 
of cross-language activation from the English stress pattern of the cognate competitor, and were 
overall slower at retrieving and producing the Spanish target when the experiment included more 
English trials than when it included fewer English trials but, again, neither language bias nor L2 
proficiency modulated this effect.   
 
7.6.2 L1-English L2-Spanish Group 
7.6.2.1 Stress Placement Accuracy Results 
Figure 20 presents the L1-English L2-Spanish participants’ accuracy in the no-stress-
interference (dark grey) and stress-interference (red) conditions, separately for the Spanish-bias 





Figure 20: Accuracy Results, L1-English L2-Spanish Group, Experiment 3 
 
The best model on L1-English L2-Spanish group’s accuracy results included English 
stress (no-stress-interference vs. stress-interference), language bias (Spanish-bias vs. English-
bias), and proficiency as fixed factors, as well as the two-way interaction between language bias 




Table 23: Logit Mixed-Effect Model Results, L1-English L2-Spanish Group, Accuracy, Experiment 3 
Variable  Estimate (SE) z p 
(Intercept) 4.45    (1.01) 4.44 <.001 
English stress –2.64    (0.4) –6.73 <.001 
Language Bias –1.1      (1.45) <|1| >.1 
Proficiency 0.6    (1.05) <|1| >.1 
Language Bias x Proficiency 0.74    (1.61) <|1| >.1 
Note: df = 913; α = .05 
 
The model summarized in Table 23 revealed a simple effect of English stress. This 
indicates that L1-English L2-Spanish participants were more accurate when the English cognate 
competitor word had the same stress pattern as the Spanish target than when the English cognate 
competitor had a different stress pattern from the Spanish target in the Spanish-bias condition 
(the baseline). Given the lack of interaction between English stress and language bias, the effect 
of stress thus generalized to the two language bias conditions.  
This pattern of results suggests that L1-English L2-Spanish participants also showed 
evidence of cross-language activation from the English stress pattern in their production of the 
Spanish target word, but that this effect was not modulated by either language bias or L2 
proficiency.  
 
7.6.2.2 Naming Latency Results 
Figure 21 presents the L1-English L2-Spanish participants’ naming latencies in the -no-
stress-interference (dark grey) and stress-interference (red) conditions, separately for the 





Figure 21: Naming Latency Results, L1-English L2-Spanish Group, Experiment 3 
 
The best model on L1-English L2-Spanish group’s naming latency results included 
English stress (no-stress-interference vs. stress-interference), language bias (Spanish-bias vs. 
English-bias), and proficiency as fixed factors, as well as the two- and three-way interactions 





Table 24: Mixed-Effects Linear Model Results, L1-Spanish L2-English Group, Naming Latency, Experiment 3 
Variable  Estimate       (SE) t p 
(Intercept) 874.68      (98.15) 8.91 <.001 
English stress –35.29      (48.17) <|1| >.1 
Language Bias –59.58    (162.27) <|1| >.1 
Proficiency –59.49      (115.8) <|1| >.1 
English stress x Language Bias 178.91      (80.79) 2.21 <.025 
English stress x Proficiency 97.92      (57.05) 1.29 >.1 
Language Bias x Proficiency 144.29    (179.87) <|1| >.1 
English stress x Language Bias x Proficiency –206.68      (89.26) –2.32 <.019 
Note: df = 913; α = .05 
 
The model summarized in Table 24 revealed a two-way interaction between English 
stress and language bias, as well as a three-way interaction between English stress, language 
bias, and proficiency. The two-way interaction between English stress and language bias shows a 
greater effect of English stress in the English-bias condition than in the Spanish-bias condition.  
In order to better understand the two- and three-way interactions, linear mixed-effects 
models were run separately on the two language bias conditions. For the two conditions, the best 
model included English stress (no-stress-interference vs. stress-interference) and proficiency as 
fixed factors, as well as the two-way interaction between English stress and proficiency. Table 
25 reports the results obtained for the Spanish-bias condition, and Table 26 reports the results of 




Table 25: Follow-Up Mixed-Effects Linear Model Analysis, L1-English L2-Spanish Group, Naming Latency, 
Spanish Bias, Experiment 3 
Variable  Estimate        (SE) t p 
(Intercept) 866.12   (109.66) 7.9 <.001 
English stress –59.78     (50.41) <|1| >.1 
Proficiency –34.68       (50.4) <|1| >.1 
English stress x Proficiency 102.13     (59.72) 1.71 <.09 
Note: df = 475; α = .05 
 
Table 26: Follow-Up Mixed-Effects Linear Model Analysis, L1-English L2-Spanish Group, Naming Latency, 
English Bias, Experiment 3 
Variable  Estimate      (SE) t p 
(Intercept) 807.64   (110.56) 7.31 <.001 
English stress 148.1       (61.52) 2.41 <.017 
Proficiency 88.06   (117.12) <|1| >.1 
English stress x Proficiency –109          (65.09) –1.61 <.097 
Note: df = 438; α = .05 
 
The results of these follow-up models showed only a simple effect of English stress and 
only in the English-bias condition. This effect indicates that L1-English L2-Spanish participants 
were faster at naming the target word in the no-stress-interference condition than in the stress-
interference condition. The trend towards interactions between English stress and proficiency 
indicate that the effect of English stress in the Spanish-bias condition is larger with increasing 
proficiency in Spanish but that in the English-bias condition is smaller with increasing 




7.7 Discussion and Conclusion 
The main objective of Experiment 3 was to determine whether (and if so, how) factors 
such as language bias and L2 proficiency modulate bilingual word production. Experiment 3 
sought to determine whether the findings reported for Experiment 2 would extend to the 
production domain in a situation where bilinguals are also in a bilingual language mode. 
Experiment 2 showed that language bias modulated both L1-Spanish L2-English and L1-English 
L2-Spanish listeners’ word recognition, and for the latter group, language bias interacted with 
proficiency such that listeners showed an increasing ability to minimize cross-language 
interference in the English bias condition and a decreased effect of language bias as their 
proficiency in Spanish increased. However, in Experiment 2, only L1-English L2-Spanish 
listeners showed interference from the English stress pattern in word recognition; L1-Spanish 
L2-English listeners did not. Previous research on literate bilinguals’ word production has 
consistently shown that language proficiency modulates cross-language activation in word 
production tasks (e.g., Gollan & Ferreira, 2004; Gollan et al., 2008; Hanulová, Davidson, & 
Indefrey, 2011; Linck, Hoshino, & Kroll, 2008), including when the unintended language is the 
L2 and the intended language is the L1 (e.g., Gollan & Ferreira, 2004; Towell, Hawkins, & 
Bazergui, 1996). By contrast, the effects of language bias in bilingual word production had not 
yet been explored. Hence, this was the first study to examine whether language bias modulates 
bilingual word production, and whether (and if so, how) it interacts with L2 proficiency. 
As with Experiment 2, we predicted a significant interaction between language bias and 
English stress, with the effect of stress being greater in the English-bias group than in the 
Spanish-bias group. We also anticipated the possibility that the effects of stress would be 
modulated by L2 proficiency, with participants more easily reducing the degree of cross-
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language activation in the stress-interference condition as their proficiency in the L2 decreased 
(for L1-Spanish L2-English listeners) or increased (for L1-English L2-Spanish listeners). Finally, 
given the results of Experiment 2, we predicted that more proficient bilinguals would show a 
reduced effect of language bias as a result of their control of cross-language activation in the 
English-bias condition. 
 The results also partially supported these predictions. They revealed that the L1-Spanish 
L2-English group showed evidence of cross-language activation in language production. 
Participants in this group were less accurate when the English cognate competitor word had a 
different stress pattern from the Spanish target than when the English cognate competitor had the 
same stress pattern as the Spanish target, independently of language bias (for the accuracy 
results). This indicates that the stress pattern of the English cognate competitor interfered with 
the L1-Spanish L2-English speakers’ production of the Spanish targets.
21
 The L1-Spanish L2-
English speakers’ overall accuracy also decreased as their proficiency in English increased, 
indicating that, the more proficient in English these participants were, the less accurate their 
production of the Spanish target was (irrespective of stress or language bias). The L1-Spanish 
L2-English speakers’ naming latencies also showed an effect of stress, and additionally showed 
an effect of language bias, with these participants being slower when the experiment included 
more English trials than when it included fewer English trials. The L1-English L2-Spanish 
speakers showed similar evidence of cross-language activation: They were less accurate when 
the English cognate competitor word had a different stress pattern from the Spanish target than 




 Hence, the lack of effect of English stress in Experiment 2 is unlikely to be due to these speakers’ insufficient 
knowledge of the stress patterns of the English cognate competitors. 
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when the English cognate competitor had the same stress pattern as the Spanish target, 
independently of language bias. The naming latency results showed an interaction between 
language bias and English stress condition, with the effect of stress being significant only in the 
English-bias condition. These results suggest that interference from English stress influenced 
bilingual word productions both when the unintended language (English) was the L2 and when it 
was the L1. These findings are consistent with those of previous production studies reporting 
cross-language activation from both bilinguals’ L1 and L2 (e.g., Dussias, 2003; Jared & Kroll, 
2001). 
Contrary to the results of Experiment 2, the stress manipulation in Experiment 3 affected 
both the L1-English L2-Spanish group and the L1-Spanish L2-English group: The L1-Spanish 
L2-English group showed interference from their L2 in Experiment 3, which they did not show 
in Experiment 2. These results may have emerged for two reasons. One possibility is that the 
current production task may have elicited more cross-language interference from English than 
the comprehension task in Chapter 6 because participants had to actively engage in the 
production of English words in the filler trials of the production experiment. In other words, 
producing words in both languages may have increased the activation of the English cognate 
competitor more than comprehending words in both languages. A second possibility is that 
participants may have less control over cross-language activation in language production than in 
language comprehension. In Experiment 2, the L1-Spanish L2-English did not show evidence of 
interference from the English stress pattern. This may be due to their better control of the level of 
activation of the unintended language in comprehension, where lexical activation is based to a 
large degree on the acoustic input. To tease apart these two possible explanations, one would 
need to conduct the production counterpart of Experiment 1, where no English was used 
142 
 
explicitly in the task. If L1-Spanish L2-English speakers were to show interference from English 
stress also in such a task, we could conclude that bilinguals exert a greater degree of control over 
cross-language activation in comprehension than in production. Future studies should seek to 
answer this open question. 
The results of Experiment 3 are compatible with the Inhibitory Control Model (Green, 
1998), according to which language bias and L2 proficiency control the level of activation of the 
unintended language in both comprehension and production, as found in this study. Recall that 
the BIA+ Model (Dijkstra & Van Heuven, 2002), which was originally proposed to explain 
bilingual word activation in comprehension tasks, does not make direct predictions for 
productions tasks such as the current one. 
Like Experiment 2, one limitation of Experiment 3 is in the interpretation of the nature of 
the effect stress shown by the L1-Spanish L2-English and L1-English L2-Spanish groups. 
Whereas the effect of stress that L1-Spanish L2-English group shows is likely to be an effect of 
stress interference (i.e., native speakers should not need cross-language activation to be at least 
accurate in their productions), it is unclear whether the corresponding effect shown by the L1-
English L2-Spanish group is also an effect of stress interference. For instance, it could also be an 
effect of stress facilitation, with the no-stress-interference condition in fact facilitating the 
production of the Spanish target; possibly, both stress facilitation and stress interference may 
also be going on from, respectively, the no-stress-interference and stress-interference conditions. 
Further research should seek to tease these two possibilities apart. 
In conclusion, the findings of Experiment 3 indicate that English stress modulates L1-
Spanish L2-English and L1-English L2-Spanish bilinguals’ cross-language activation during 
bilingual word production, and this effect is modulated by language bias only in the L1-English 
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L2-Spanish group during bilingual word production. Importantly, evidence of cross-language 
activation was found both from the L1 to the L2 and from the L2 to the L1. The next chapter 





Chapter 8: General Discussion and Conclusion 
 
Several factors have been proposed to modulate the level of cross-language interference 
reported in the bilingual language comprehension and language production literature, among 
which the effects of factors such as language dominance and language bias have been 
consistently reported (e.g., Grosjean, 1997; Guo & Peng, 2006; Ju & Luce, 2004; Marian & 
Spivey, 2003a; Soares & Grosjean, 1984; Spivey & Marian, 1999; Weber & Cutler, 2004). What 
remains unclear from previous research, however, is whether (and if so, how) language 
proficiency and language bias modulate both language comprehension and language production, 
and whether they interact with each other. The current study used two visual world eye-tracking 
experiments and an adaptation of this paradigm in speech production to further explore how 
language bias and L2 proficiency modulate cross-language activation in bilingual word 
recognition and bilingual production. 
This dissertation research examined how factors such as language bias and L2 
proficiency influenced L1-Spanish L2-English and L1-English L2-Spanish bilinguals’ ability to 
inhibit English words while performing comprehension and production tasks in Spanish. More 
specifically, it investigated the circumstances under which differences in stress placement 
between Spanish-English cognate words (e.g., material vs. material in Spanish and English, 
respectively) affected Spanish word recognition and production. This dissertation compared 
word recognition experiments with vs. without the explicit presence of the unintended language 
(English) to see whether competition effects from the English stress pattern differed depending 




This cross-language interference effect was examined by manipulating the stress pattern 
of the cognate competitor in English (in Spanish, the cognate competitor was always stressed on 
the last syllable). In one stress condition, the English cognate competitor was stressed on the 
second syllable, like the Spanish target. In this condition, the competitor was predicted to 
interfere with the recognition of the Spanish target but not to interfere with the production of the 
Spanish target. In the other stress condition, the English cognate competitor was stressed on the 
first syllable, and thus differed from the Spanish target. In that condition, the English cognate 
competitor was not predicted to interfere with the recognition of the Spanish word, but it was 
predicted to interfere with its production. The effect of language bias on cross-language 
activation was tested by manipulating the percentage of time the target word in the filler trials 
was heard in Spanish and English, that is, manipulating the language that bilinguals would 
expect to hear over the course of the experiment. Finally, the effect of L2 proficiency was 
assessed using two measures of proficiency (a cloze, i.e., fill-in-the-blank, test and a vocabulary 
test (LexTALE)). 
Experiment 1, a visual-world eye-tracking experiment only in Spanish, sought to answer 
the question of whether lexical stress modulates the degree of cross-language activation that L1-
Spanish L2-English and L1-English L2-Spanish bilinguals experience in a monolingual language 
mode. In doing so, Experiment 1 sought to ascertain whether bilingual activation would be 
observed even in a situation where bilinguals are expected to function in only one of their two 
languages (Spanish in this case), in line with the nonselective hypothesis of bilingual activation. 
Moreover, Experiment 1 aimed to confirm that intermediate-to-advanced English-speaking L2 
learners of Spanish (the L1-English L2-Spanish group) could make use of suprasegmental cues 
to stress during online word recognition, at least when the competitor word was not a Spanish-
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English cognate. The results showed that the L1-English L2-Spanish bilinguals activated their L1 
(as suggested by the marginal cognate effect they showed) even when nothing in the acoustic 
input or in the testing session made them think that they should be activating English, thus 
providing additional support for the nonselective hypothesis. By contrast, the L1-Spanish L2-
English group did not show any evidence of cross-language activation, although stress did 
modulate lexical access. Furthermore, the results confirmed that English-speaking L2 learners of 
Spanish could use stress to recognize Spanish words, with the effect of stress decreasing with 
increasing Spanish proficiency. That is, stress modulated lexical access in this group, but it did 
not appear to modulate cross-language activation (as there was no interaction between stress and 
cognate status). 
Experiment 2 was explicitly designed to test how language bias and L2 proficiency 
modulate cross-language activation in a bilingual word recognition task, using a visual-world 
eye-tracking experiment with trials in both English (fillers) and Spanish (fillers and experimental 
trials). It specifically investigated whether these two factors modulate the degree of cross-
language activation (from stress interference) that bilingual listeners in a bilingual language 
mode experience in comprehension. The results of this experiment showed that both the L1-
Spanish L2-English and L1-English L2-Spanish groups were influenced by the language bias 
manipulation (L1-Spanish L2-English: 0% English bias vs. 65% English bias; L1-English L2-
Spanish: 0% English bias vs. 65% English bias, 20% English bias vs. 65% English bias). For the 
L1-English L2-Spanish participants, language bias also modulated the effect of stress (with the 
stress of the English cognate interfering with the recognition of the Spanish target only in the 
English-bias condition), and more proficient bilinguals were better at controlling this cross-
language activation than less proficient ones.  
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Finally, using an adaptation of the visual-world eye-tracking paradigm to elicit word 
production, Experiment 3 examined the effects of language bias and L2 proficiency on bilingual 
word production. Specifically, Experiment 3 investigated whether L2 proficiency and language 
bias also modulate the degree of cross-language activation (from stress interference) that 
bilingual listeners in a bilingual language mode experience in production. The same 
manipulations as those described for Experiment 2 were employed in this experiment. The 
results showed that both the L1-Spanish L2-English and the L1-English L2-Spanish groups were 
slower and less accurate at producing the Spanish target word (with the correct stress placement) 
when the stress pattern of the English cognate competitor differed from that of the Spanish target 
word than when it was identical to it. For L1-Spanish L2-English speakers, the more proficient 
they were in English, the least accurate they were in their production of the Spanish target. For 
L1-English L2-Spanish speakers, the effect of stress was modulated by language bias, as it was 
greater in the English bias condition than in the Spanish bias condition.  
The following sections further discuss these results and their implications based on the 
current literature on cross-language activation and current models of bilingual activation. This 
chapter ends by outlining the main contributions of this dissertation and proposing ideas for 
future research on bilingual activation. 
 
8.1 Factors Affecting Bilingual Activation: Comprehension and Production 
The main objective of this dissertation was to shed new light on bilingual processing by 
further exploring how L2 proficiency and language bias affect the way in which bilinguals 
control the level of activation of their two languages. It was unclear, from the previous literature, 
how both L2 proficiency and language bias would modulate bilinguals’ activation of bilinguals’ 
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two language systems, whether the two factors would interact, and whether (and if so, how) the 




The results confirmed that language bias modulated cross-language activation in both 
bilingual word comprehension and word production and that this effect was further modulated by 
L2 proficiency in comprehension. The results of Experiment 2 (comprehension) and Experiment 
3 (production) showed that the L1-English L2-Spanish group showed more cross-language 
activation from the stress interference condition in the English-bias condition than in the 
Spanish-bias condition, with this cross-language activation decreasing as their proficiency in 
Spanish increased (in Experiment 2). The L1-Spanish L2-English bilinguals were also affected 
by the language bias manipulation, with the Spanish target and competitor words being 
disambiguated later in the English-bias condition of Experiment 2 than in the cognate, stress 
mismatch condition of Experiment 1, where no English was heard. Furthermore, these speakers’ 
word productions were also affected by their proficiency in English, with greater proficiency in 
English resulting in poorer target stress placement in Spanish. These results indicate that, the 
more English the participants were forced to activate, the more cross-language interference there 
was, and thus the more difficult it was to disambiguate between the Spanish target and 
competitor words (comprehension) or to retrieve the Spanish target over its competitor 




 The production task (Experiment 3) was created to mirror the format of the visual-world eye-tracking task 
(Experiment 2). However, considering that these two tasks yielded very different dependent variables (eye 
movements vs. accuracy rates and latencies), it was not possible to directly compare the results of Experiments 2 
and 3. For this reason, conclusions are drawn on the basis of whether language bias and L2 proficiency similarly 
affected performance in comprehension and in production. 
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(production). Why differences emerged between the two groups will be discussed in the next 
subsection. 
Language bias and L2 proficiency had already been proposed as factors modulating the 
level of cross-language interference reported in the bilingual language comprehension and 
language production literature (e.g., Grosjean, 1997; Guo & Peng, 2006; Ju & Luce, 2004; 
Marian & Spivey, 2003a; Soares & Grosjean, 1984; Spivey & Marian, 1999; Weber & Cutler, 
2004). However, the present study was the first to directly examine whether these two factors 
would also interact: It showed that more proficient bilinguals were better at controlling for the 
degree of cross-language activation, thus reducing the effect of language bias as their L2 
proficiency increased. Additionally, this study was the first to investigate whether (and if so, 
how) the degree of involvement of these factors would differ in language comprehension vs. 
language production: It showed that language production is more likely to show evidence of 
cross-language activation than language comprehension (based on the effect of stress 
interference shown by the L1-Spanish L2-English group only in the production experiment). 
There may be other factors that may be further influencing the degree of cross-language 
activation in the two groups of bilinguals examined in this study, e.g., individual differences in 
inhibitory control, as proposed by the Inhibitory Control Model (Green, 1998)); however, these 
factors should be further explored in future research. 
One additional question that remains open for further research is how the directionality of 
a language switch affects cross-language activation. Experiments 2 and 3 contained both Spanish 
targets and English targets. This means that in both experiments, there were instances of 
language switch vs. no-language switch, with some Spanish trials immediately following a 
English trial (language switch) and with other Spanish trials immediately following a Spanish 
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trial (no language switch). When creating Experiments 2 and 3, we focused on creating language 
bias conditions that would be as balanced as possible with respect to the stress position (final vs. 
penultimate) and syllable structure (heavy vs. light). Language switch was not a factor that we 
investigated, so the number of language-switch trials and no-language-switch trials was not 
perfectly distributed across conditions and groups. On the one hand, this prevented a robust 
analysis of the data with language switch as a predictor of participants’ responses; on the other 
hand, this raises the question of whether some of the effects reported in this dissertation could be 
attributed in part to language switch. Appendices O and P present the distribution of the language 
switch variables for the different groups and conditions, for Experiments 2 and 3, respectively. 
For most conditions and groups, the distribution of experimental items that initiated vs. did not 
initiate a language switch was not significantly different between the stress-interference and no-
stress-interference conditions; when this distribution was significantly different, it was not in a 
direction that was confounded with the manipulation of English stress or it was in a condition 
where no effect of English stress was found anyway (for details, see Appendices O and P). Thus, 
we are confident in the nature of the effects of English stress reported in this study. Future 
studies should try to tease apart the contributions of language bias and language switch in the 
modulation of cross-language activation. 
 
8.2 Direction of the Linguistic Interference (L1 vs. L2) 
The L1-Spanish L2-English and L1-English L2-Spanish bilinguals tested in this study 
were not directly compared, because the two groups were not sufficiently well matched in their 
L2 proficiency and L2 experience for a direct comparison to be interpreted straightforwardly. For 
this reason, experimental effects were interpreted separately for each group. Notwithstanding the 
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limitations of this approach, an indirect comparison of the effects found for the two groups 
allowed us to specify whether the strength of cross-language interference differs as a function of 
whether it comes from bilinguals’ L1 or from the bilinguals’ L2 and whether it is modulated 
differently by the different factors.  
The main difference that emerged between the L1-Spanish L2-English and L1-English 
L2-Spanish participants was in bilingual word comprehension. In Experiments 1 and 2, the 
stress-interference manipulation of the competitor word interfered with the recognition of the 
Spanish target for the L1-English L2-Spanish listeners, but not for the L1-Spanish L2-English 
listeners. One possible explanation for this difference is the differential strengths of lexical 
activation in L1 Spanish as compared to L2 Spanish, which is directly related to the language 
dominance of the two groups: L1-Spanish L2-English participants were dominant in Spanish 
(i.e., they spoke Spanish as their L1, they were at an intermediate level of proficiency in English, 
and lived in a Spanish-speaking environment at the time of the study), and the L1-English L2-
Spanish participants were dominant in English (i.e., they spoke English as their L1, they were at 
an intermediate-to-advanced proficiency in Spanish, and they lived in an English-speaking 
environment at the time of the study). This language dominance is likely responsible for why the 
L1-English L2-Spanish participants experienced more cross-language interference from the 
unintended language (English) than L1-Spanish L2-English participants in the comprehension 
experiments. Although participants’ insufficient knowledge of the stress pattern of the English 
cognate competitors could also explain the lack of effect of stress (or interactions with stress) in 
Experiment 1, it cannot explain the lack of effect of stress (or interactions with stress) in 
Experiment 2, as such an effect was found for Experiment 3, which used the exact same words as 
Experiment 2. Thus, we conclude that cross-language interference is simply stronger when the 
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unintended language is the L1 than when it is the L2. Future studies should compare the L1-
Spanish L2-English participants tested in this study to L1-Spanish L2-English listeners tested in 
an English-speaking country. Comparing the results of these groups would allow us to 
corroborate whether cross-language interference can also come from the L2 in language 
comprehension. Including a task in which participants’ knowledge of the stress patterns of the 
critical words would also be important. 
Crucially, both groups patterned more similarly in the production task (Experiment 3). 
That is, both the L1-Spanish L2-English and L1-English L2-Spanish bilinguals showed clear 
evidence of cross-language activation coming from the interfering stress pattern of the English 
cognate competitor. As discussed in Chapter 7, this effect might have emerged for a few reasons. 
One possibility is that our production task may have elicited more cross-language interference 
from English than our comprehension task because participants had to actively engage in the 
production of English words in the filler trials of the production experiment. In other words, 
producing words in both languages may increase the activation of the English cognate 
competitor more than comprehending words in both languages. Alternatively, participants may 
have more control over cross-language activation in language comprehension than in language 
production. Further research should seek to tease these two possible interpretations apart.  
 
8.3 Models of Bilingual Activation 
The findings reported in this dissertation have some implications for models of bilingual 
activation. Two models were considered: the Inhibitory Control Model (Green, 1998) and the 
Bilingual Interactive Activation Plus (BIA+) Model (Dijkstra & van Heuven, 2002).  
153 
 
The Inhibitory Control Model (Green, 1998) stipulates that bilinguals’ two languages are 
represented by different language tags schemas (established from prior input), which alter the 
activation levels of lexical representations in a top-down fashion. The model postulates that the 
activation level of the language schemas is altered by the supervisory attentional system, which 
works as a domain-general inhibitory control mechanism. According to the Inhibitory Control 
Model, language tag schemas are the primary source of control in bilingual word activation (for 
both comprehension and production), so the model predicts an effect of language bias on this 
activation. Moreover, proficiency affects to degree to which the word lemmas are activated. 
Thus, for the current study, the Inhibitory Control Model predicted that both proficiency and 
language bias would control the level of activation of the unintended language. 
Similarly to the Inhibitory Control Model (Green, 1998), the Bilingual Interactive 
Activation Plus (BIA+) Model (Dijkstra & van Heuven, 2002) represents the bilinguals’ two 
languages with the use of language nodes, by means of which the activation levels of lexical 
representation can be altered. However, unlike the Inhibitory Control Model, the language nodes 
in the BIA+ model cannot perform a form of top-down control in early stages of word activation 
(what Dijkstra & van Heuven refer to as the “word identification system”). The BIA+ Model 
claims that the activation and inhibition of lexical representations is strictly controlled by the 
input in the early stages of word recognition. According to this model, language nodes can only 
influence the output (i.e., word selection) of the “task/decision system”. This model was 
originally proposed to explain bilingual word activation in comprehension tasks, and as such 
does not make predictions for productions tasks. For the current comprehension experiments, this 
model predicted that proficiency would modulate bilingual activation, but language bias would 
not have such an effect in the early stages of word activation.  
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The results of Experiment 2 were in line with the predictions of the Inhibitory Control 
Model (Green, 1998). In this second experiment, for L1-English L2-Spanish listeners, the effect 
of stress interference was modulated by language bias (the effect was stronger in the English-bias 
condition), and this interaction was further modulated by proficiency in Spanish (more proficient 
L1-English L2-Spanish listeners had better control of cross-language activation in the English-
bias condition than less proficient listeners). The Inhibitory Control Model can therefore provide 
a straightforward explanation of the results found in this study. By contrast, the BIA+ Model 
(Dijkstra & Van Heuven, 2002), in principle, did not predict the results obtained in the 
comprehension task, though one could argue the stages of word recognition captured by 
participants’ eye movements did not reflect the initial stages of word activation, in that 
participants had some time to read the words on the screen before they heard the Spanish target. 
It would therefore be important to replicate this study without this preview time to see if the 
observed pattern of results remains the same.  
The results of this dissertation are also consistent with Grosjean’s proposed language 
mode continuum (Grosjean, 1998). Language mode, as defined by Grosjean, is the state of 
activation of bilinguals’ two languages at a given point in time. Bilinguals’ language mode may 
range from a monolingual language mode to a bilingual language mode depending upon the 
activation levels of a bilingual’s two languages. Factors such as the interlocutor, the situation, the 
content of discourse, and the function of the interaction are claimed to influence bilinguals’ 
position on the language mode continuum (e.g., Dijkstra & van Hell, 2003; Marian & Spivey, 
2003a; Soares & Grosjean, 1984). The language bias effects reported in the comparison of the 
cognate, stress mismatch condition of Experiment 1 and the stress-interference condition of 
Experiment 2 (no English vs. 65% English) are consistent with this language mode continuum, 
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and suggest that Experiments 1 and 2 (comprehension) placed participants at different points of 
this continuum: While participants in the first experiment were closer to a Spanish monolingual 
mode (as several measures were taken to ensure they would not expect any English in the 
experiment), they were closer to a bilingual language mode in the second experiment, especially 
for participants in the English-bias group. Of course, since most of the L1-English L2-Spanish 
participants completed the experiment in the United States, it was not possible to create a 
language mode that was unequivocally Spanish monolingual. Further research should seek to 
replicate these findings with L1-English L2-Spanish listeners tested in a Spanish-speaking 
country, where they would be more likely to be in a monolingual Spanish mode. 
 
8.4 Concluding Remarks and Future Directions 
The present study provided a systematic investigation of how both L2 proficiency and 
language bias modulate bilinguals’ activation of their two language systems, whether the two 
factors interact, and whether (and if so, how) the degree of involvement of these factors differ in 
language comprehension vs. language production. This dissertation research examined how these 
factors influenced L1-Spanish L2-English and L1-English L2-Spanish bilinguals’ ability to 
inhibit English words while performing a task in Spanish.  
This dissertation research was just a first step towards understanding the mechanisms that 
bilinguals employ to control the level of activation of their two languages. More research is 
needed in order to further understand how additional factors such as language switch and 
inhibitory control interact with those investigated in this study, and the implications that these 
effects may have for the use of bottom-up and top-down mechanisms in bilingual activation. 
Among some possible ways to extend the current line of research, future studies could also 
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investigate how the degree of phonetic similarity between the word in the Spanish speech signal 
and the competitor words in English and Spanish modulates bilingual activation. In Experiment 
1, the effect of stress was only marginally significant. It was hypothesized that listeners may 
have picked up on small differences in the segmental properties of the first two syllables of the 
target and competitor words to disambiguate between the target and competitor words. The target 
and competitor words used in this study showed not only suprasegmental differences, but also 
segmental differences (e.g., voice onset time (VOT) differences, the presence of vowel reduction 
in the English pronunciation of these words). In order to further understand bilingual activation, 
future research should try to explain how “similar” the words in two different languages need to 
be in order to produce bilingual activation, and what kind of cues listeners can use to distinguish 
between the two languages. 
The present dissertation provided evidence that L1-English L2-Spanish bilinguals 
activate the phonological representations of their two languages in parallel in both 
comprehension and production, and they have better control over interference from the 
unintended language (English) when it is at its strongest (English bias) as their proficiency in the 
intended language (Spanish) increases. This raises the questions of whether (and if so, how) 
proficiency would also modulate other factors that have been deemed to influence cross-
language activation, for example language switch. Future studies could try to develop tasks and 
test paradigms that would examine both the effect of language bias and the effect of language 
switch as a function of L2 proficiency.  
Finally, while the present dissertation has advanced our understanding of the factors that 
guide bilingual activation in low-to-intermediate Spanish L2 learners of English and 
intermediate-to-advanced English L2 learners of Spanish, future research should also evaluate 
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Appendix A: English Cloze Test 
In the following text, some of the words have been replaced by blanks numbered 1 through 50. 
First, read the complete text in order to understand it. Then reread it and choose the correct word 
to fill each blank from the answer sheet. Mark your answers by circling your choice on the answer 
sheet, not by filling in the blanks in the text. 
 
Man and His Progress 
 
Man is the only living creature that can make and use tools.  He is the most teachable of living 
beings, earning the name of Homo sapiens. (1) __________ ever restless brain has used the (2) 
__________ and the wisdom of his ancestors (3) __________ improve his way of life. Since (4) 
__________ is able to walk and run (5) __________ his feet, his hands have always (6) 
__________ free to carry and to use (7) __________.  Man’s hands have served him well (8) 
__________ his life on earth. His development,        (9) __________ can be divided into three 
major (10) __________, is marked by several different ways (11) __________ life. 
 Up to 10,000 years ago, (12) __________ human beings lived by hunting and  (13) 
__________. They also picked berries and fruits, (14) __________ dug for various edible roots. 
Most (15) __________, the men were the hunters, and (16) __________ women acted as food 
gatherers. Since (17) __________ women were busy with the children, (18) __________ men 
handled the tools.   
In a (19) __________ hand, a dead branch became a (20) __________ to knock down 
fruit or to (21) __________ for tasty roots. Sometimes, an animal (22) __________ served as a 
club, and a (23) __________ piece of stone, fitting comfortably into      (24) __________ hand, 
could be used to break (25) __________ or to throw at an animal. (26) __________ stone was 
chipped against another until (27) __________ had a sharp edge.  The primitive (28) 
__________ who first thought of putting a (29) __________ stone at the end of a (30) 
__________ made a brilliant discovery: he (31) __________ joined two things to make a (32) 
__________ useful tool, the spear. Flint, found      (33) __________ many rocks, became a 
common cutting (34) __________ in the Paleolithic period of man’s (35) __________. Since no 
wood or bone tools          (36) __________ survived, we know of this man (37) __________ his 
stone implements, with which he (38) __________ kill animals, cut up the meat, (39) 
__________ scrape the skins, as well as (40) __________ pictures on the walls of the (41) 
__________ where he lived during the winter.  
(42) __________ the warmer seasons, man wandered on (43) __________ steppes of 
Europe without a fixed (44) __________, always foraging for food.  Perhaps the (45) 
__________ carried nuts and berries in shells (46) __________ skins or even in light, woven 
(47) __________. Wherever they camped, the primitive people         (48) __________ fires by 
striking flint for sparks (49) __________ using dried seeds, moss, and rotten (50) __________ 
for tinder. With fires that he kindled himself, man could keep wild animals away and could cook 





Cloze Test Answer Sheet 
 
1) a. his b. man c. they d. when 
2) a. strength b. creativity c. knowledge d. tool 
3) a. that b. is c. it d. to 
4) a. man b. then c. childhood d. years 
5) a. for b. on c. out d. by 
6) a. feel b. become c. been d. use 
7) a. tools b. it c. anything d. objects 
8) a. on b. along c. since d. during 
9) a. one b. it c. which d. they 
10) a. section b. periods c. events d. era 
11) a. during b. of c. living d. to 
12) a. first b. prehistoric c. all d. every 
13) a. collecting b. picking c. fishing d. eating 
14) a. or b. make c. they d. and 
15) a. often b. commonly c. time d. frequently 
16) a. that b. a c. some d. the 
17) a. usually b. then c. the d. that 
18) a. while b. the c. so d. and 
19) a. man's b. woman c. man d. one 
20) a. hammer b. tool c. person d. way 
21) a. reach b. look c. dig d. make 
22) a. bone b. hoof c. carcass d. body 
23) a. sharp b. simple c. little d. carved 
24) a. their b. one c. an d. the 
25) a. it b. nuts c. up d. fruits 
26) a. silex b. one c. usually d. he 
27) a. he b. it c. both d. that 
28) a. male b. species c. human d. man 
29) a. sharp b. pointy c. shard d. chipped 
30) a. stick b. wood c. tool d. branch 
31) a. successfully b. could c. has d. had 
32) a. more b. brilliant c. very d. great 
33) a. in b. of c. with d. out 
34) a. knife b. ground c. tool d. technique 
35) a. kind b. development c. progress d. humanity 
36) a. have b. had c. did d. has 
37) a. that b. about c. by d. only 
38) a. made b. had c. could d. used to 
39) a. easily b. and c. also d. to 
40) a. many b. carving c. by d. draw 
41) a. hut b. location c. house d. cave 
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42) a. on b. in c. during d. for 
43) a. vast b. green c. the d. grassy 
44) a. shelter b. home c. house d. goal 
45) a. they b. tribe c. women d. nomads 
46) a. without b. for c. or d. to 
47) a. baskets b. them c. grains d. fabrics 
48) a. set b. made c. make d. did 
49) a. for b. it c. light d. and 




Answer Key: Cloze Test 
 
1) a. His 
2) c. Knowledge 
3) d. To 
4) a. Man 
5) b. On 
6) c. Been 
7) a. Tools 
8) d. During 
9) c. Which 
10) b. Periods 
11) b. Of 
12) c. All 
13) c. Fishing 
14) d. And 
15) a. Often 
16) d. The 
17) c. The 
18) b. The 
19) a. man's 
20) b. Tool 
21) c. Dig 
22) a. Bone 
23) a. Sharp 
24) d. The 
25) b. Nuts 
 
26) b. one 
27) b. it 
28) d. man 
29) a. sharp 
30) a. stick 
31) d. had 
32) c. very 
33) a. in 
34) c. tool 
35) b. development 
36) a. have 
37) c. by 
38) c. could 
39) b. and 
40) d. draw 
41) d. cave 
42) b. in 
43) c. the 
44) b. home 
45) c. women 
46) c. or 
47) a. baskets 
48) b. Made 
49) d. And 




Total points possible: 50 
Advanced  40 to 50 
 Intermediate 30 to 39 
 Low  0 to 29 
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Appendix B: English LexTALE 
Instructions 
This test consists of about 60 trials, in each of which you will see a string of letters. Your 
task is to decide whether this is an existing English word or not. If you think it is an existing 
English word, you click on "yes", and if you think it is not an existing English word, you click on 
"no". 
If you are sure that the word exists, even though you don’t know its exact meaning, you may 
still respond "yes". But if you are not sure if it is an existing word, you should respond "no". 
In this experiment, we use British English rather than American English spelling. For 
example: "realise" instead of "realize"; "colour" instead of "color", and so on. Please don’t let 
this confuse you. This experiment is not about detecting such subtle spelling differences anyway. 
You have as much time as you like for each decision. This part of the experiment will take 
about 5 minutes. 






1. memsible nonce 31. screech real 
2. kermshaw nonce 32. savoury real 
3. alberation nonce 33. shin real 
4. plaudate nonce 34. fluid real 
5. spaunch nonce 35. allied real 
6. exprate nonce 36. slain real 
7. rebondicate nonce 37. recipient real 
8. skave nonce 38. eloquence real 
9. kilp nonce 39. cleanliness real 
10. interfate nonce 40. dispatch real 
11. crumper nonce 41. ingenious real 
12. magrity nonce 42. bewitch real 
13. abergy nonce 43. plaintively real 
14. proom nonce 44. hasty real 
15. fellick nonce 45. lengthy real 
16. destription nonce 46. fray real 
17. purrage nonce 47. upkeep real 
18. pulsh nonce 48. majestic real 
19. quirty nonce 49. nourishment real 
20. pudour nonce 50. turmoil real 
21. scornful real 51. carbohydrate real 
22. stoutly real 52. scholar real 
23. ablaze real 53. turtle real 
24. moonlit real 54. cylinder real 
25. lofty real 55. censorship real 
26. hurricane real 56. celestial real 
27. flaw real 57. rascal real 
28. unkempt real 58. muddy real 
29. breeding Real 59. listless real 





Appendix C: English Word Familiarity Task 
Instructions 
In this task, your job is to rate your familiarity with the words presented by clicking on the 
appropriate number.  
 
0 = I have never seen/heard this word.  
1 = I have occasionally seen/heard this word, but I don’t know what it means.  
2 = I have frequently seen/heard this word, but I don’t know what it means. 
3 = I have occasionally seen/heard this word and I know what it means in context, but I could not 
provide a definition for it. 
4 = I have frequently seen/heard this word and I know what it means in context, but I could not 
provide a definition for it. 
5 = I have seen/heard this word, I know what it means, and I can provide a definition for it. 




















































Appendix D: Spanish Cloze Test 
Multiple Choice Test 
 
Each of the following sentences contains a blank indicating that a word or phrase has been omitted. 
Select the choice that best completes the sentence. 
 
1.  Al oír del accidente de su buen amigo, Paco se puso   . 
a.  alegre  b.  fatigado  c.  hambriento  d.  desconsolado 
 
2.  No puedo comprarlo porque me   . 
a.  falta b.  dan   c.  presta  d.  regalan 
 
3.  Tuvo que guardar cama por estar    . 
a.  enfermo  b.  vestido  c.  ocupado  d.  parado 
 
4.  Aquí está tu café, Juanito.  No te quemes, que está muy    . 
a.  dulce  b.  amargo  c.  agrio  d.  caliente 
 
5.  Al romper los anteojos, Juan se asustó porque no podía    sin ellos. 
a.  discurrir  b.  oír    c.  ver   d.  entender 
 
6.  ¡Pobrecita!  Está resfriada y no puede    .  
a.  salir de casa  b.  recibir cartas c.  respirar con pena d.  leer las noticias 
 
7.  Era una noche oscura sin   . 
a.  estrellas  b.  camas  c.  lágrimas  d.  nubes 
 
8.  Cuando don Carlos salió de su casa, saludó a un amigo suyo: -Buenos días, . 
a.  ¿Qué va?  b.  ¿Cómo es?  c.  ¿Quién es?  d.  ¿Qué tal? 
 
9.  ¡Qué ruido había con los gritos de los niños y el    de los perros! 
a.  olor   b.  sueño  c.  hambre  d.  ladrar 
 
10.  Para saber la hora, don Juan miró el   . 
a.  calendario  b.  bolsillo  c.  estante  d.  despertador 
 
11.  Yo, que comprendo poco de mecánica, sé que el auto no puede funcionar sin  . 
a.  permiso  b.  comer  c.  aceite  d.  bocina 
 
12.  Nos dijo mamá que era hora de comer y por eso   . 
a.  fuimos a nadar b.  tomamos asiento c.  comenzamos a fumar  d.  nos acostamos 
pronto 
 
13.  ¡Cuidado con ese cuchillo o vas a    el dedo! 




14.  Tuvo tanto miedo de caerse que se negó a    con nosotros. 
a.  almorzar  b.  charlar  c.  cantar  d.  patinar 
 
15.  Abrió la ventana y miró: en efecto, grandes lenguas de    salían llameando de las 
casas. 
a.  zorros  b.  serpientes  c.  cuero  d.  fuego 
 
16. Compró ejemplares de todos los diarios pero en vano.  No halló   . 
a.  los diez centavos b.  el periódico perdido  c.  la noticia que deseaba d.  los 
ejemplos  
 
17.  Por varias semanas acudieron colegas del difunto profesor a    el dolor de la viuda. 
a.  aliviar  b.  dulcificar  c.  embromar  d.  estorbar 
 
18.  Sus amigos pudieron haberlo salvado pero lo dejaron    . 
a.  ganar  b.  parecer  c.  perecer  d.  acabar 
 
19.  Al salir de la misa me sentía tan caritativo que no pude menos que    a un pobre 
mendigo que había allí sentado. 
a.  pegarle  b.  darle una limosna c.  echar una mirada d.  maldecir 
 
20.  Al lado de la Plaza de Armas había dos limosneros pidiendo   . 
a.  pedazos  b.  paz   c.  monedas  d.  escopetas 
 
21.  Siempre maltratado por los niños, el perro no podía acostumbrarse a    de sus nuevos 
amos. 
a.  las caricias  b.  los engaños c.  las locuras  d.  los golpes 
 
22.  ¿Dónde estará mi cartera?  La dejé aquí mismo hace poco y parece que el necio de mi 
hermano ha vuelto a   . 
a.  dejármela  b.  deshacérmela c.  escondérmela d.  acabármela 
 
23.  Permaneció un gran rato abstraído, los ojos clavados en el fogón y el pensamiento   
 . 
a.  en el bolsillo b.  en el fuego  c.  lleno de alboroto d.  Dios sabe dónde 
 
24.  En vez de dirigir el tráfico estabas charlando, así que tú mismo    del choque. 
a.  sabes la gravedad  b.  eres testigo  c.  tuviste la culpa  
d.  conociste a las víctimas 
 
25.  Posee esta tierra un clima tan propio para la agricultura como para   . 
a.  la construcción de trampas  b.  el fomento de motines  
c.  el costo de vida d.  la cría de reses 
 
26.  Aficionado leal de obras teatrales, Juan se entristeció al saber     del gran actor. 




27.  Se reunieron a menudo para efectuar un tratado pero no pudieron   . 
a.  desavenirse  b.  echarlo a un lado c.  rechazarlo  d.  llevarlo a cabo 
 
28.  Se negaron a embarcarse porque tenían miedo de   . 
a.  los peces  b.  los naufragios c.  los faros  d.  las playas 
 
29.  La mujer no aprobó el cambio de domicilio pues no le gustaba   . 
a.  el callejeo  b.  el puente  c.  esa estación d.  aquel barrio 
 
30.  Era el único que tenía algo que comer pero se negó a    . 






In the following text, some of the words have been replaced by blanks numbered 1 through 20. 
First, read the complete text in order to understand it. Then reread it and choose the correct word 
to fill each blank from the answer sheet. Mark your answers by circling your choice on the answer 
sheet, not by filling in the blanks in the text. 
 
El sueño de Joan Miró 
 
 Hoy se inaugura en Palma de Mallorca la Fundación y Joan Miró, en el mismo lugar en 
donde el artista vivió sus últimos treinta y cinco años. El sueño de Joan Miró se ha   
  (1). Los fondos donados a la ciudad por el pintor y su esposa en 1981 permitieron que el 
sueño se    (2); más tarde, en 1986, el Ayuntamiento de Palma de Mallorca 
decidió    (3) al arquitecto Rafael Moneo un edificio que   
 (4) a la vez como sede de la entidad y como museo moderno.  El proyecto ha tenido que   
  (5) múltiples obstáculos de carácter administrativo. Miró, coincidiendo   
 (6) los deseos de toda su familia, quiso que su obra no quedara expuesta en ampulosos 
panteones de arte o en    (7) de coleccionistas acaudalados; por ello, en 1981, 
creó la fundación mallorquina. Y cuando estaba    (8) punto de morir, donó 
terrenos y edificios, así como las obras de arte que en ellos    (9). 
 
 El edificio que ha construido Rafael Moneo se enmarca en   (10) se denomina 
“Territorio Miró”, espacio en el que se han    (11) de situar los distintos edificios 
que constituyen la herencia del pintor. 
 
 El acceso a los mismos quedará     (12) para evitar el deterioro de las 
obras.  Por otra parte, se    (13), en los talleres de grabado y litografía, cursos  
  (14) las distintas técnicas de estampación.  Estos talleres también se cederán 
periódicamente a distintos artistas contemporáneos,    (15) se busca que el “Territorio 
Miró”   (16) un centro vivo de creación y difusión del arte a todos los      
(17).  
 
 La entrada costará 500 pesetas y las previsiones dadas a conocer ayer aspiran      
 (18) que el centro acoja a unos 150.000 visitantes al año. Los responsables esperan que la 
institución funcione a   (19) rendimiento a principios de la     (20) 
semana, si bien el catálogo completo de las obras de la Fundación Pilar y Joan Miró no estará 





Cloze Test Answer Sheet 
 
1.  a.  cumplido  b.  completado c.  terminado 
2.  a.  inició   b.  iniciara  c.  iniciaba 
3.  a.  encargar   b.  pedir  c.  mandar 
4.  a.  hubiera servido  b.  haya servido c.  sirviera 
5.  a.  superar   b.  enfrentarse  c.  acabar 
6.  a.  por   b.  en   c.  con 
7.  a.  voluntad  b.  poder  c.  favor 
8.  a.  al   b.  en   c.  a 
9.  a.  habría   b.  había  c.  hubo 
10.  a.  que   b.  el que  c.  lo que 
11.  a.  pretendido  b.  tratado  c.  intentado 
12.  a.  disminuido  b.  escaso  c.  restringido 
13.  a.  darán   b.  enseñarán  c.  dirán 
14.  a.  sobre   b.  en   c.  para 
15.  a.  ya   b.  así   c.  para 
16.  a.  será   b.  sea   c.  es 
17.  a.  casos   b.  aspectos  c.  niveles 
18.  a.  a   b.  de   c.  para 
19.  a.  total   b.  pleno  c.  entero 







Answer Key: Multiple Choice Test 
 
1.  d    11.  c    21.  a 
2.  a    12.  b    22.  c 
3.  a    13.  a    23.  d 
4.  d    14.  d    24.  c  
5.  c    15.  d    25.  d  
6.  a    16.  c     26.  a 
7.  a    17.  a     27.  d 
8.  d    18.  c    28.  b  
9.  d    19.  b    29.  d 
10.  d    20.  c    30.  d 
 
Answer Key: Cloze Test 
 
1.  a    8.  c    15.  b    
2.  b    9.  b    16.  b 
3.  a    10.  c      17.  c 
4.  c    11.  b    18.  a 
5.  a    12.  c    19.  b 
6.  c    13.  b    20.  b 
7.  b    14.  a 
 
 
Total points possible: 50 
 
Advanced  40 to 50 
 Intermediate 30 to 49 




Appendix E: Spanish LexTALE 
Instrucciones 
Esta prueba consiste en cerca de 120 pruebas experimentales. En cada una de ellas verás una 
serie de letras. Tu tarea es decidir si se trata de una palabra en español o no. Si crees que es una 
palabra que existe en español, pulsa "sí ", y si crees que no lo es, pulsa "no". 
Si estás seguro/a de que la palabra existe, a pesar de que no sepas el significado, aún puedes 
responder "sí". Si no estás seguro de si se trata de una palabra existente o no, debes responder 
"no". 
Tienes todo el tiempo que necesites para tomar cada decisión. Esta parte del experimento 
dura unos 5 minutos. 







1. enfima nonce 61. gaita real 
2. comatrición nonce 62. pericial real 
3. feñoral nonce 63. nutrido real 
4. departación nonce 64. logro real 
5. traspecar nonce 65. catalizador real 
6. torado nonce 66. eminentemente real 
7. telentar nonce 67. abeto real 
8. papilera nonce 68. escribano real 
9. árter nonce 69. remojo real 
10. arnería nonce 70. evaluar real 
11. trisme nonce 71. frondoso real 
12. permidir nonce 72. gritar real 
13. pesta nonce 73. mazo real 
14. quirio nonce 74. horda real 
15. bener nonce 75. suplantar real 
16. órtico nonce 76. egoísmo real 
17. torbe nonce 77. encaje real 
18. magnitidio nonce 78. tumbado real 
19. saraz nonce 79. vigilia real 
20. desponsar nonce 80. cebado real 
21. farial nonce 81. puerco real 
22. empartadero nonce 82. globo real 
23. roñetón nonce 83. ebrio real 
24. policónica nonce 84. devenir real 
25. agonar nonce 85. surgimiento real 
26. morisno nonce 86. feminista real 
27. rebortar nonce 87. relámpago real 
28. montanés nonce 88. entredicho real 
29. arter nonce 89. arranque real 
30. ingento nonce 90. detener real 
31. eligente nonce 91. franqueza real 
32. aclazar nonce 92. sobretodo real 
33. clopo nonce 93. ende real 
34. ulivio nonce 94. trama real 
35. nodar nonce 95. beca real 
36. medarne nonce 96. efigie real 
37. reasio nonce 97. respetado real 
38. petrilación nonce 98. entrañable real 
39. fiobe nonce 99. terrenal real 
40. subiner nonce 100. acervo real 
41. depuesto real 101. hídrico real 
42. célebre real 102. endeble real 
43. captar real 103. tildado real 
44. escuadra real 104. profeta real 
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45. paulatinamente real 105. masivamente real 
46. obrador real 106. continental real 
47. fiabilidad real 107. trucha real 
48. pulgada real 108. antología real 
49. refuerzo real 109. poseído real 
50. fomento real 110. retraso real 
51. íntegro real 111. brotar real 
52. idolatría real 112. centrar real 
53. faz real 113. infame real 
54. flujo real 114. estrado real 
55. lavar real 115. heredar real 
56. enojo real 116. yerno real 
57. ilustrado real 117. galo real 
58. abultado real 118. cándido real 
59. espanto real 119. colegiado real 





Appendix F: Spanish Word Familiarity Task 
Instrucciones 
En este experimento, tu tarea consiste en indicar tu familiaridad con cada de las palabras 
presentadas. Para hacerlos harás click con el ratón en el número apropiado.  
 
0 = Nunca he visto/escuchado esta palabra.  
1 = La he visto/escuchado con anterioridad, pero no conozco su significado.  
2 = La he visto/escuchado frecuentemente, pero no conozco su significado. 
3 = La he visto/escuchado en otras ocasiones y sé lo que significa en contexto, pero no podría 
definirla. 
4 = La he visto/escuchado con frecuencia y sé lo que significa en contexto, pero no podría 
definirla. 






































































































Appendix G: Experimental and Distracter Stimuli, Experiment 1, Non-Cognate Condition, List 1 























































































































































Appendix H: Experimental and Distracter Stimuli, Experiment 1, Non-Cognate Condition, List 2 
























































































































































Appendix I: Experimental and Distracter Stimuli, Experiment 1, Cognate Condition, List 1 























































































































































Appendix J: Experimental and Distracter Stimuli, Experiment 1, Cognate Condition, List 2 

























































































































































Appendix K: Filler Words, Experiment 1 (Targets and Competitors) 


















































































































































































































































































































































































































































































































































59 pelucas peluquín abrigo abridores 
223 
 





























































































































































































































































(type of cigar, 
pl) 
88 comprensiones comprensión marino maridos 
225 
 
(understanding, pl) (understanding) (marine) (husband, pl) 
89 
pulsadores 











































































Appendix L: Experimental and Distracter Stimuli, Experiment 2, Stress-Interference Condition, 
and Experiment 3 Stress-Facilitation Condition 















































































































Appendix M: Experimental and Distracter Stimuli, Experiment 2, No-Stress-Interference 
Condition, and Experiment 3, No-Stress-Facilitation Condition 
















































































































Appendix N: Filler Words, Experiments 2 and 3 (Targets, Competitors, and Distracters) 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix O: Proportion of Trials with Language Switch vs. No-Language Switch in Experiment 





    
 
A chi-square test of homogeneity was performed to examine whether the proportion of 
switch and no-switch trials differed between the two English stress conditions (stress-interference 
vs. no-stress interference). A different chi-square test was performed separately for each L1-bias 
group (e.g., for the L1-Spanish L2-English group in the Spanish- and English-bias conditions 
separately). Three of the four groups did not show statistically significant differences between the 
two stress conditions (L1-Spanish L2-English, English-bias group (X
2
(576) = <|1|, p >.1), L1-
English L2-Spanish, Spanish-bias group (X
2
(480) = <|1|, p >.1), L1-English L2-Spanish, English-
bias group (X
2



















































































































and no-switch trials between the two stress conditions (L1-Spanish L2-English, Spanish-bias group 
(X
2
(576) = 6.21, p <.01)): There were relatively more no-switch trials than switch trials in the 
stress-interference condition than in the no stress-interference condition. However, the 
directionality of this difference does not pose a confound for this study: Since the no-switch trials 
are predicted to cause less lexical competition from the English cognate competitor but the stress-
interference condition is expected to cause more lexical competition from the English cognate 





Appendix P: Proportion of Trials with Language Switch vs. No-Language Switch in Experiment 3 






A chi-square test of homogeneity was performed to examine whether the proportion of 
switch and no-switch trials differed between the two English stress conditions (stress-interference 
vs. no-stress interference). A different chi-square test was performed separately for each L1-bias 
group (e.g., for the L1-Spanish L2-English group in the Spanish- and English-bias conditions 
separately). Three of the four groups did not show statistically significant differences between the 
two stress conditions (L1-Spanish L2-English, Spanish-bias group (X
2
(566) = 2.2, p >.1), L1-
Spanish L2-English, English-bias group (X
2
(566) = 2.03, p >.1), L1-English L2-Spanish, English-
bias group (X
2





























































































































and no-switch trials between the two stress conditions (L1-English L2-Spanish, Spanish-bias group 
(X
2
(475) = 4.2, p <.04)): There were relatively more switch trials than no-switch trials in the stress-
interference condition than in the no stress-interference condition. However, this difference does 
not pose a problem for this study, since no effect of stress emerged in the L1-English L2-Spanish, 
Spanish-bias group. 
